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W. E. 

In olden days the rule of Aristotle was the apodictic 
precept of the alchemists that “corpora non agunt nisi 
fluida,” and even up to a time not too far back nobody 
doubted of its general validity. W. Spring’ was the first 
one to make evident that a mixture of crystalline barium 
sulfate and sodium carbonate, under an external pressure 
of 6,000 atmospheres, was markedly changed to barium 
carbonate and sodium sulfate by a true reaction in the 
solid state. Unfortunately, such reactions with a so- 
called anion exchange must be examined with particular 
care, and Spring’s experimental methods have perhaps 
not been sufficiently critical. No wonder that at that 
time and somewhat later many polemics were published 
in which side reactions with traces of moisture were 
assumed to be the way in which apparent anion exchange 
reactions really occur.’ It was the masterly work of 
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G. Tammann and later on of J. A. Hedvall® that estab- 
lished the correctness of the possibility of true reactions 
in the solid state. This result of their work with more 
elementary systems is the basis of important branches 
of ceramics which tremendously promoted our modern 
concepts of sintering processes, of the clinkerization of 
Portland cements, etc. Without these theoretical studies, 
the industrial process of modern powder metallurgy would 
never have reached its actual accomplishment. Needless 
to say that also geology and petrology have been encour- 
aged by the investigation of the role of solid state reac- 
tions in the difficult problems of metamorphosis in the 
earth’s crust and many related geological and geochem- 
ical phenomena. 

For the understanding of the mechanism of reactions 
in the solid state it is indispensable to assume a certain 
threshold mobility of the atomic and molecular particles 
in the solids along the boundary zones of a crystalline 
reagent. Tammann established certain relations which 
express the temperature of molecular place exchange, 
under the action of thermal energy as a function of the 
fusion points (in °K.), T;. The constants of these func- 
tions vary with the chemical nature of the reagents and 
are, therefore, different for metals (0.3 to 0.4) and sili- 
cates (0.8 to 0.9). Sintering, however, cannot be under- 
stood without a real creeping or flow factor. If, e.g., 
two spherical particles (Fig. 1) have an intimate con- 
tact, particles from both solid parts will diffuse along 
the boundary surfaces and form a characteristic “lens” 
of displaced material. The rate of the displacement will 
depend on the inner mobility (“yield value,” viscosity) 
of the material in question, the surface tension of the 
material to the surrounding medium, and the hydro- 
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static pressure under which the material is standing, 
which is due to the curvature not only in the sphere 
but also in the convex and concave surfaces of the 
lens, under the action of capillarity. The phenomenon 
of “shrinkage” and its rate is thus mathematically de- 
fined by an equation developed by P. W. Clark and 
J. White* who proved its validity, not only for glass 
spheres but also for ceramic bodies of refractory oxides. 

Mobility of the particle material at the elevated tem- 
peratures of reactions of this kind may, of course, mean 
a partial flow as a (non-Newtonian) liquid phase, or as 
a phenomenon related to the vaporization and conden- 
sation of the material over a volatile phase in the “solid” 
system. This latter principle is especially true in systems 
with certain reagents among which the strong “mineral- 
izers,” e.g., fluorides play the role of the vapor-forming 
medium. This is the reason why experiments of the 
synthesis of fluorosilicates of the type of F-micas 
(e.g., K,Mg, (Si,A1,0.,)F,) and of F-amphiboles (e.<., 
Ca,Mg,Si,O..F.) have ben successful.’ Analogous to the 
powder-metallurgical methods of hot-pressing, the pro- 
duction of dense and entirely monomineralic mica bodies 
for electro-technical insulators is an industrially success- 
ful procedure. Of similar, although more theoretical, 
interest is the possibility of synthesizing fluorosilicates 
of the norbergite-clinohumite group by such direct “solid 
state” reactions.® 

V. M. Goldschmidt’ was probably the first who system- 
atically used the method of pressed pellets for synthetic 
studies in pure silicate systems. Reactions in these are, 
of course, much impeded by the extremely low vapor 
pressure of mixes of oxides and silica. But Goldschmidt 
and his many co-workers have given full evidence that 
such syntheses in the solid state are planfully possible. 
Among many syntheses of this kind we only mention 
those of Ni,SiO, and Be,SiO,’, and more recently of 
Co,SiO,’. Orthosilicates of the olivine family are the 
easiest-formed synthetic minerals from solid state reac- 
tions. It is much more difficult to prepare reasonably 
large outputs by solid state reactions in the group of the 
meta- and disilicates. Particularly stubborn are non- 
equilibria observed in the industrially important systems 
MgO-SiO, and CaO-SiO.. 
never prepare pure 3CaQ.SiO, directly from a mix of 
the oxides in the correct molecular ratio; a very complex 
series of sluggish intermediate reactions in the solid state 
is observed. 2CaO0.SiO, is always formed as the first 
step of the reaction, then accompanied by 3Ca0.2Si0, 
and even CaO0.SiO,. The formation of 3CaO.SiO, will 
appear very late and incomplete. Especially W. Jander 
and E. Hoffmann” gave an instructive diagram (Fig. 2) 
on the quantitative outputs in the single calcium silicates 
for given mixtures of CaO and SiO, as a function of the 
time factor. 

It is evident that the exclusively static treatment of 
solid state reactions from the viewpoint of an applica- 
tion of Gibbs’s phase rule is inadequate and unsatisfac- 
tory for sluggish reactions which stubbornly remain in 
non-equilibria. This is one of the most important reasons 
why many industrial processes, e.g., burning a raw mix 
of Portland cements, are not easily explained by a direct 
use of fundamental “phase equilibrium diagrams,” be- 
cause the physical conditions of the clinkerization proc- 
ess in the rotary kiln are unfavorable for the establish- 
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Fig. 1. Section 
through the con- 
tact of two spheri- 
cal particles with 
“lens” material 


flown to the con- 
tact because of 
capillary forces. 
(Clark and White; 
courtesy of the 
British Ceramic 
Society.) 


Fig. 2. Percentage 
share of the cal- 


cium silicates in 
the conversion 
products of silica 
with calcium oxide, 
for a mix 1:1, 
powdered for 2% 
hours. (Hofmann 
and Jander). 
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Fig. 3. System sodium metasilicate-calcium metasilicate-silica 
(Morey and Bowen). 
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Fig. 4. Reaction in the solid state between silica and barium 


carbonate, as a function of time. (Jander). 
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Fig. 5. Reaction rate of the conversion in the 


solid state of silica and barium carbonate to mono- 
yarium silicate and carbon dioxide. (Jander). 
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ment of equilibria in the relatively short time of exposure 
to highest temperatures. It would be a hopeless enter- 
prise to develop an industrial method of cement burn- 
ing, e.g., in the rapid gas current of a flame. We know 
from recent studies of V. N. Yung and N. S. Fateeva" 
that the rate of the formation of 2CaO.SiO, is the only 
one which is approximately in conformity with such con- 
ditions. While the orthosilicate needs only a few seconds 
for its formation from the solid raw mix, the most im- 
portant hydraulic compound, 3CaO.SiO,, requires at least 
10 minutes or even a longer time to form under equal 
conditions. 

Also in glass melting, the ideal equilibrium conditions 
are little instructive for the understanding of what hap- 
pens during the melting down of the batch. The funda- 
mental phase equilibrium diagram (Fig. 3) is better 
used for the study of devitrification processes. But even 
for this phenomenon the products of industrial devitri- 
fication are usually far from the ideal equilibrium re- 
quirements. It is obvious for the silicate chemist that 
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processes like sintering, burning a hydraulic material, 
or melting a glass batch, must preferably be discussed 
from the standpoint of chemical kinetics. In other words, 
they must be based on discussions of reaction rates, intro- 
ducing the indispensable variable of time. This is the 
starting point of recent excellent investigations of C. 
Kroger’ who, in previous publications'’*, has given a 
comprehensive discussion of the static equilibria in sys- 
tems similar to industrial glass batches. For such mixes, 
like the simplest “model” of a soda-limestone-quartz sand 
batch, the equilibria conditions of reactions with the par- 
ticipation of CO, as a volatile reagent are only of theo- 
retical interest. Kroger, however, recognized the im- 
portance of kinetic studies in the corresponding systems 
from the viewpoint of true solid state reactions, followed 
by reactions in which a “polyeutectic” melt phase ap- 
pears, although it may be present only in subordinate 
amounts. We may be permitted to treat both cases, not 
as separate phenomena but as being intimately corre- 
lated to each other in their evolution during the early 
stages of glass formation in the industrial furnace. 

For the kinetic conditions in a reacting mix of crystal- 
line components on the contact surfaces between the 
grains of the powders, G. Tammann™ studied the increase 
in thickness of the layers of the reaction products. The 
mixes are generally pressed to pellets for an improvement 
of the intimate contacts required for solid state reactions. 
Tammann’s theory was based on the assumption that the 
thickness of the reaction layer (y) must be inversely 
proportional to the time (z) of reaction, i.e., dy/dz = 
b/z, or in the integrated form: y = bin z + C. Ac- 
cording to W. Jander’®, however, the quantitative results 
with reacting crystal powders are not in agreement with 
this simple equation. He found that the square of the 
thickness of the reaction layer is proportional to time 
at constant temperature: y> — 2kz. Jander determined 
in the place of the thickness of the reaction product layer 
the percentage amount (x) of the reacted ingredients 
in the mixture of the two crystalline powders. There is 
a simple relation between the layer thickness of the reac- 
tion product, y, and the average radius, r, of the grains 
of the crystalline phase which participates in the smaller 
quantity in the reacting mix, and the amount (x, in 
percentage) of the products: 


3/100 — x 
y=r{l-— 
’ ( NV 100 ) 


In the constant k of the equation y? — 2kz the time func- 
tion of the diffusion coefficient, D, and the concentration, 
C,. of the diffusing component in the reaction product 


on the contact are included: 


(1 _ * {100 — *) = 
VN 100 


2Deoz/r? 


It is, however, usually not possible to separate both fac- 
from each other. Therefore, the simple form 


* foo — x\"_ ., 
1 — oe ee 
( \V 100 ) . 


is used by Kroger as “Jander’s equation” with x in 
molecular percent indicating the experimentally measured 
CO, evolution. Jander, e.g., used the same form also 
for the reaction between silica and barium carbonate, 
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as a function of time and temperature (Fig. 4). The 
temperature function of the reaction rate constant k 
follows an Arrhenius-Braune equation of the type 
k = C.e~ ¥/®", and the logarithmic plot of k vs. 1/T 
is a straight line (Fig. 5). The reaction rate in the 
solid state, as a function of the grain size of the crystal- 
line reagents, is also plotted as a straight line, with 
k and 1/r* as the coordinates, (Fig. 6). Particularly 
strong is the effect of moisture in the crystalline mix 
reacting in the solid state (Fig. 7); the reaction rate is 
strongly raised, although the inclination of the straight 
line of the logarithmic temperature function is not 
changed. The activation energy (E in the Arrhenius- 
Braune equation, see above) remains constant and the 
diffusion in the crystalline reagents is only much 
enhanced. 

The experimental methods which Kroger used are in 
principle very elementary. First, the amount of CO, 
evolved from a given carbonate-silica-limestone mix must 
be determined as a function of temperature and time, 
and of course also of the composition (molecular ratios) 
of the mixes. This experimental method is analogous to 
the simple apparatus used previously by W. Jander and 
E. Hoffmann"* for the study of the crystal phases appear- 
ing in the course of time in oxide-silica mixes (see 
above). Second, it is of great importance to determine 
the presence of any liquid phases in the mix during the 
heating period by sensitive methods of electric con- 
ductance, and to observe the changes in the amounts of 
such phases by the conductivity-vs.-time relations. This 
method has previously been used by H. F. Krause and 
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Fig. 8. Apparatus for the study of reactions between the constituents of glass batches; manometric method. (Kréger.) 


W. Weyl,” with a remarkable accuracy, for the detec. 
tion of “polyeutectic” melts in systems of the type 
BaCO, + Na,CO, + SiO.,. 

Both methods have been much improved in Kroger’s 
experiments; Fig. 8 shows the heating device with 
all its controlling apparatus, Fig. 9 especially the device 
for determining the electric resistance in the batch dur. 
ing the reactions. The sample is heated in a refractory 
porcelain tube in an electric resistor furnace. Three 
thermocouples are introduced, one to measure the furnace 
temperature and to control the thermoregulator device, 
one for measuring the surface temperature of the batch 
in the platinum crucible, and one measuring the tem- 
perature in the center of the batch. The wires of the 
thermocouples are led vacuum-tight through the glass- 
sealed connection. A capillary tube connects the reaction 
tube with the system of three measuring burettes in a 
water jacket and the mercury manometer for the accu- 
rate measurement of the volume of the evolved CO,. The 
burette-manometer system is connected with a contai:er 
of 20-liter volume for maintaining the gas pressure con- 
stant during the gas evolution by the reactions. ‘The 
amount of the evolved CO, is calculated from the vol- 
umes in the burettes, and the pressures in the manometer. 
Pressures were kept constant for reactions under 1, 1 /2, 
1/5, and 1/10 atmospheres. Temperatures were used in 
the ranges from about 730° to 930°, i.e. covering the mst 
important reactions in the solid batches, up to tempera- 
tures above the dissociation temperature of pure CaC),, 

The measurement of the electric conductance in the 
reacting batches is made with the usual Wheatstone 
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Fig. 9. Apparatus for the measurement of the electolytic con- 
ductance and of thermal effects in reacting glass batches. 


(Kroge’). 
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bridge or a modern Philips “Philoscope” apparatus (Fig. 
9). One of the electrodes of the crucible acting as the 


electrolysis cell is applied by a platinum disc pressed 
against the bottom of the crucible. The other electrode 
is a thin platinum rod dipping into the melt immediately 
above the joint of the thermocouple in the center of 
the batch. An alternating current of 15 Volts is used; 
the bridge unbalance potentials are measured over an 
amplifying circuit (with a Valvo-AF-7 tube) and a 
transformer (1:4), the secondary coil of which is con- 
nected with a voltmeter as the indicating zero-instrument. 
Since the measured resistance is a complex of Ohm re- 
sistances and capacitive impedances, the conditions for 
the bridge equilibrium are not only R,/R, = R,/R,, but 
also 9, + 9x = 9, + 9,. The subscripts refer to the vari- 
able comparison resistance (v), the resistance to be 
measured (x), and the resistances (3) and (4) of the 
bridge wire and the resistance legs. The latter effect 
means a phase shifting by changes in the capacitive sys- 
tem of the electrolysis cell, e.g., by the fusion of a 
polyeutectic mix, which is indicated by a systematic dis- 
placement of the zero point (minimum indication) of 
the voltmeter in the bridge. This phase shifting means 
a systematic correction which is important for the re- 
sistance measurements. 

The “reaction temperatures” must be corrected for the 
time lag in the central batch temperatures relative to 
those on the surface of the mixes. The resulting reaction 
constants must correspond to a “medium” temperature 


which is by At® lower than that given by the surface 
temperature of the batch. This value At is determined 
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Fig. 10. Curves for the reaction of soda with quartz (molec. ratio 1:2) at a constant surface temperature of 865°C, Curve 
(a) shows the surface temperature, (b) the central temperature, (c) the evolved carbon dioxide, (d) the resistance (log R), (e) 
the data for U. (see text), (f) the ideal curve for the Jander equation. 
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from the plane area between the time curves of surface 
and center temperatures (see e.g. Fig. 10) and the two 
critical points z, and z,, according to the formula 


Zu 


Zo — Zu 


Zo 


For reactions in the solid state these corrections may 
be relatively low, but for reactions under the action 
of polyeutectic melts the output during the heating period 
is considerable (i.e. the time from the introduction of 
the cold sample into the hot furnace until the constant 
reaction temperature has been reached) ; a neglection of 
the correction mentioned would bring about important 
errors for the computation of the reaction constants. 

The experimental method in Kréger’s work gives a 






Amount of 0p in cm 
“S 
S 


7] 
a 70 mw 2. 60 70 80 90 V0 
Jime 2 in min 





Fig. 11. Evolution of CO. from quartz-soda mixes (molec. ratio 
1:1) as functions of temperature and time. The final decom- 
position in mol. % is (corr. for O°C and 760 mm press.): 

in curve No. 25 19 18 17 16 14 13 12 
molec, % 94 93 92 93.55 85.0 84.5 12.1 4.6 
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Fig. 12. Evolution of CO, in quartz-soda mixes of variable 
molec. ratios, as a function of time; the molec. ratios soda: 
quartz are in curve (1): 1:1; in curve (2): 1:2; in curve (3): 1:3; 
in curve (4): 1:4, 
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complete image of the reaction kinetics and of the forma- 
tion of early liquid phases in the batch mixed, simul- 
taneously. Beyond that, the static crystalline phase 
composition is examined by X-ray methods in the ordi- 
nary way of mineral identification. The ideal solution 
of the problem of the phase composition during the heat- 
ing process of the batch has not yet been found by 
modern high-temperature X-ray interference methods, 
but in principle, there seems to be no obstacle to a 
satisfactory solution of this side of the problem. It is 
very important that the method of electric conductance 
measurements does not only give information on the 
temperatures of the appearance of polyeutectic mixes but 
that crystallization processes from melts are also inii- 
cated on the characteristic curves of the resistance da‘a, 
as functions of temperature, by increasing resistance aid 
decreasing conductance. 

In the simplest case of reactions, e.g., in mixes of 
Na,CO, and quartz sand in the molecular ratio 1:2, tre 
CO, evolution as a function of temperature and time is 
given in the curves of Fig. 11. They show for the real 
solid state reactions a nearly linear character, i.e., tre 
tangens of the inclination angle is constant, the reaction 
is of “zero order.” Above the temperature of the fusion 
of Na.CO,, the reaction rates are rapidly increased, ad 
above 865° constant final CO, amounts are evolved, 
although a really 100% output is never established. Te 
important fact is evident that residual carbonate concen- 
trations are observed which correspond to di- and tvi- 
variant equilibria of the system Na,O-Si0,-CO,“, with 
Na,SiO, as the crystallized phase. If the molecular 
ratios of Na,CO, : SiO, are varied, the resulting curves 
are seen from Fig. 12. 

A practically very interesting and important fact 
is the influence of the pressure under which pellets 
(“briquettes”) of the batches have been produced. All 
the pellets, including the unpressed batch mixes, show 
the same initial rate of reaction at constant temperature, 
but in later stages of the reaction it becomes evident 
that the higher pressed pellets show a relatively reduced 
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Fig. 13. Curves for the evolution of CO. from soda-quartz 
mixes (1:2) at a constant temperature of 809°C and under a 
CO. pressure of 1, %, 1/5, and 1/10 atm. The fig. 13a shows 
the amounts of CO. evolved at 15, 30, 60, and 90 minutes, as 
functions of log p. (Kréger). 
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reaction rate. More residual carbonate remains in the final 
product, and the CO, output is reduced. Obviously the 
diffusion of CO, from the inner parts of the pellets is 
impeded by the pressing and compacting process, and 
the batches are intensely “cemented” to a less imperme- 
able body. 

The external CO, gas pressure in its effects on the reac- 
tion rates is illustrated by Fig. 13; the volume of the 
evolved CO, is a function of the logarithm of the ex- 
t-rnal pressure, according to the formula for the reac- 
ion constant k = B — a. log p (CO,), with a and B as 
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Fig. 14. The constants of the reaction rates as functions of 
tem perature (left), and of pressure (right). (Kroger). 









970 - 1600 
> 
> 900'- 1500 
3 x 
S 290}-7400 
SB 2601-7300 
870\-7200 
8601-7700 
6501-7 
840 900 
800 


rv 


—— C(cu 





— > cm Cl, (curve C) 
*& & 2 Av 
S$ $8 8 





7" ws @ 


. JO. 
Zu Time Z tn min 


constants (Fig. 14). The important ettects ot the heat- 
ing period, and an example of the quantitative evalua- 
tion of the CO, evolution curves as a function of time 
are given in Fig. 10, for the constant temperature on 
the surface of the batch of 865° and a batch of the 
molecular composition 1 Na,CO,: 2SiO, (quartz). The 
determination of the correction of the “medium” tem- 
perature of the batch is seen in the integration of the 
temperature-time area in the limits of the times z, and z,, 
which indicate when the experimental temperature (a) 
of 865° was reached at the surface and when, in the 
center of the batch, a final constant temperature (b) 
was reached which is somewhat lower than (a). The 
difference a — b is the unavoidable “lag” brought about 
by the sluggish thermal heat transfer between different 
levels in the batch. For the control of the polyeutectic 
melts formed in the batch after the first solid state reac- 
tions, the curve d for log R is very characteristic as a 
measure for the conductance of the reacting mix. Fig. 14 
shows a reaction in which, with increasing conversion 
of the batch, the initial liquid phase is resorbed again, 
but increasing amounts of the fused reaction products 
are formed which compensate for the conductance effects 
of the liquid-consuming reactions. In contrast with this 
type of conductance curves, Fig. 15 gives an example of 
a reaction in which, during the conversion of the initial 
polyeutectic melt in the batch, the liquid phase is saturated 
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Fig. 15. Curves for the conversion of soda with quartz (molec. ratio 1:1) at a constant surface temperature of 867°C. The 
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letters indicated mean the same curves as in Fig. 10. (Kréger.) 





139 











with the reaction products, and these crystallize. In this 
latter case the conductance curve d has a maximum (log 
R is a minimum) and decreases with increasing time. 
The curves e in both figures give the zero point displace- 
ments of the voltmeter used in the bridge measurements; 
they are, as functions of changes in the capacities of the 
electrolysis cell, also an approximate measure of the 
amounts of liquid phases formed and, therefore, im- 
portant for comparative conclusions on the reaction types 
in batches of variable molecular ratios. 

The most important question concerning the reaction 
rates and the derived reaction constants is the problem 
of the validity of the fundamental conception of Tam- 
mann and Jander that the output at the time z is inversely 
proportional to the layer thickness (y) of the reaction 
product. If the thickness (y) is replaced by the con- 
version output in molecular per cent (x) (here meas- 
ured by the evolved amounts of CO,), the Jander relation 


3 2 
(a - fs) =k 
100 


may be applied to the reaction curves. Previous experi- 
ments of G. R. Pole and N. W. Taylor’* appeared to 
establish the Jander relations for glass batch reactions. 
It is, however, evident from Kréger’s results that there 
are distinct and systematic deviations from this rule 
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Fig. 16. Testing the equation d(CO.)/dz=k. 1/y for the reaction rate at 825°C and the molec. ratio 1:2. (Kréger.) 
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which ideally requires a straight line. From Fig. 16 
one may conclude that two different “Jander lines’ 
would intersect at a time z;, not too far from the time 


z, for constant surface and center temperatures in the 
batch. Other experiments, however, have demonstrated 
that a rule of the latter kind is incompatible with the 


facts and that the characterization by two Jander line: 
with different inclination angles, i.e., with different reac 
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tion constants, k, and k,, is only a formal solution of 
the complex problem. 

Especially in reactions of the type Na,CO, + 
Na.Si,O,  2Na,Si0, + CO., the conversion of lime- 
stone with quartz, and even the simple dissociation of 
CaCO,, Kroger observed other types of Jander func- 
tions, either with many more intersection points or even 
inflection points. Therefore, in his investigations on re- 
.ctions in the quaternary system Na,O-CaO-SiO,-CO., 
ne found the reason for the anomalies in a defect of 
ihe Tammann-Jander theory which only considers a non- 
variable diffusion constant of the reacting ingredients 
in the reaction layers. From previous static investiga- 
tions of such systems, however, Kroger was familiar with 
the existence of structural changes in the reaction layer 
during the process of molecular rearrangement by which 
“anomalous solid solutions’ would be formed. What 
these mean is best illustrated in a much simplified 
“model” reaction of the type [A] + [B]> [AB] from 
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Jander’s schematic Fig. 17°: Among the ions available 
on the contact between the reacting crystalline particles 
A and B, single particles A are in a first stage loosely 
adsorbed onto the surface of B, similar to gas molecules 
adsorbed on “active surfaces.” In part 2 of Fig. 17 
the formation of a “hermaphroditic” compound is shown, 
i.e. an anomalous intermediate crystalline state which is 
here indicated by the dotted fields. An extensive “place 
exchange” between particles A and B takes place. ‘They 
are intensely “mobilized” (see parts 3 and 4), now form- 
ing the new compound AB with an initially very high 
inner surface. More extensively increased thermal treat- 
ment changes these still highly defective crystalline 
phases to homogenous nuclei of AB crystallization (part 
5) which gradually grow to real crystals (part 6). These 
schematic illustrations, which have been drafted for the 
explanation of the very characteristic changes in the 
catalytic and adsorptive behavior of “anomalous crystal- 

(Continued on page 154) 
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Figs. 18 and 19. Validity ranges of the revised (logarithmic) Jander equation for different molec. ratios of soda, limestone, 
and quartz, and temperatures. The curves of the experiments No. 65 to 70 and 72 correspond to the ratio NasCO;:CaCO:: 
SiO. = 1:1:2, the curves No. 75 and 76 to the ratio 1:1:6; the curves No. 80 and 81 to the ratio 1:1:3:2; the curves 83 to 
85 to the ratio 1:2:3; the curve No. 88 to the ratio 1:2:6.—The simple arrow indicates the moment in which a constant 
surface temperature was reached, the double arrow the moment in which the surface and central temperatures are the same. 
(Kréger and Ziegler.) 
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Comparative Tracer Tests on Container 


and Window Glass Tanks 


By F. L. BISHOP 


Kimble Glass Division, Owens-Illinois Glass Company, Toledo, Ohio 


Part II 


Container Tanks 


Tracer tests of two Container type tanks have been 
made. These are referred to as tank C and tank B. Draw- 
ings of these tanks are shown. The two tanks are similar 
in design but different in size. Tank B, with 775 square 
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feet of area was tested at a pull of 100 tons per day which 
represents 7.8 square feet per ton. Tank C was tested 
three times. On the first test, October 13, the pull was 
125 tons per day, which on 1,062 square feet represents 
8.5 square feet per ton. At the time of the second and 
third tests the pull was 191 tons per day which represents 
5.5 square feet per ton. These tanks also differ in the 
method of charging. Tank B has has a triangular dog- 
house in the back wall while tank C has four screw char- 
gers along the back wall. In order to make a comparison 
with tank B only the two center chargers were used for 
tracer containing batch on tank C during the first and 
second tests. Tank B has a dropped or submerged throat 
while tank C has a straight throat. 

There were slight differences in the glass in these two 
tanks and also differences from the glass in the window 
glass tanks previously shown. These differences were not 
enough to give much change in vertical temperature 
gradient. Because of this variety of glasses, it was nec- 
essary to use different amounts of tracer in the various 
tanks. Correction for this difference has been made in 
Graph A where the tracer in the glass sample is plotted as 
a percentage of the original tracer batch concentration. 

Graph A shows the time distribution of the tracers in 
the two Container tanks. Tank B shows the fastest through 
time and builds quickly to a high peak at 8% hours, 
dropping off to a fairly low but steady level in a short 
time. Tank C, under low pull conditions, on October 13, 
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showed a much slower starting time, but once built up to 
a peak holds its level. At this pull, this tank is a good ex- 
ample of displacement flow. There are no early peaks and 
the entire curve is relatively smooth. Tested on November 
18, at the higher pull, the curve shows surface flow. The 
first effect shows at seven hours, with a very high maxi- 
mum at 12 hours, dropping to a lower level than either 
of the other tests after 20 hours. The B tank is between 
these two extremes but is nearer to surface flow than dis- 
plicement. Graph B shows integrated curves for these 
sime tanks. Here the differences are considerably more 
a;parent. Ten per cent of the tracer has become finished 
gass in C tank at low pull in 21 hours, at high pull in 
1’ hours, while B tank requires 13 hours. Fifty per cent 
o the tracer is used up in C tank after 33 hours at low 
pl, 25 hours at high pull; B tank requires 46 hours to 
rach the 50 per cent point. The last set of values is 
w iat was anticipated, since tank B, with the dropped or 
submerged throat, was expected to hold the glass back 
n ore than the tank with the straight throat. The reason 
fir the early, fast flow in tank B is shown on Graph C 
where the optical temperature gradients in the three in- 
s ances are compared. Tank C has a hot spot about 2/3 
down the tank and a large temperature difference be- 
tveen the hot spot and the charger end. On tank B we 
have a hot spot only 1/3 of the tank from the charger 
and less than half as much difference between this tem- 
perature and at the charger end. The glass batch is held 
back in tank C by the temperature difference and the long 
distance to the hot spot which means more resistance to 
batch movement. On tank B both the smaller temperature 
difference and the short distance contributed to push the 
glass by the hot spot more quickly. 

On Graph D are plotted three hour averages for the 
central forehearth on tank C. Both of these tracer tests 
were made at a time of high pull, but on the curve dated 
11-18-54, the tracer was put only in the two center batch 
chargers; while on the curve dated 1-5-55, all of the 
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tracer was placed in the number 1 batch charger. It will 
be immediately apparent that when the tracer was placed 
in the central batch charger it appeared concentrated in 
a much greater degree on the central forehearth than 
when placed in the side forehearth. These curves show 
plainly a second peak at about 23 hours. This second 
peak can be interpreted as being due to a return flow from 
the refiner back to the hot spot and into the refiner again. 
A drawing showing the possible flow paths for the tracers 
appearing at various times on the C tank is shown. While 
the work on model tanks by Sawai, referred to previously, 
shows that the seven hour tracer went more directly 
from the batch to the throat than shown here, this in- 
dicates some of the possibilities in such a furnace. 

In addition to the tests described previously, which 
were made to compare the flow in the Container C tank 
with that in the Container B tank, an experiment was 
made to determine the amount of mixing which takes 
place transversely on the Container C tank. As previously 
mentioned, the test of 11-18-54 had the tracer added only 
in batch charges number 2 and number 3 in the center 
of the tank. Under this condition, Graph E shows the 
integrated curves for the three feeders on the tank. After 
12 hours, the tracer has begun to appear strongly in 
C-2 where 11 per cent of the original tracer has already 
become glass. At this time, only two per cent of the 
tracer has appeared in C-1 and only .8 per cent in C-3. 
When all of the tracer has disappeared from the glass, 
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after about 140 hours, approximately 45 per cent has 
come through C-2, 28 per cent through C-1, and 27 per 
cent through C-3. On 1-4-55, with about the same load on 
the furnace, a tracer test was made in which all of the 
tracer was put in number 1 batch charger. Graph F 
shows the results of this test. After 12 hours, in this in- 
stance, 12 per cent has become glass through C-1 feeder, 
five per cent through C-2 feeder, and only .3 per cent 
through C-3 feeder. For the total tracer, there is an esti- 
mated 51 per cent which went through C-1 feeder, 34 per 
cent through C-2, and 15 per cent through C-3 feeder. 
These results show that the pattern of flow in the tank, 
as deduced by Gehlhoff, must be completely wrong, at 
least for this particular tank, since the intermixing, 
which he shows from side to side, is completely lacking; 
most of the tracer comes directly down the tank and 
channels through the throat. 


Comparison of Container and 
Window Glass Tanks 


In graph A the tracer results for center machines on 
container tanks were plotted as a percentage of the origi- 
nal cerium oxide concentration in the tagged batches. If 
graphs 1 and 2 for window glass tanks were plotted on 
the same scale, they would show maxima only about one- 
half those for the lower container tanks. The analysis of 
CeO, in the glass at the maximum peak to the CeO, in 
the batch as charged shows the ratio as follows: 
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Container C Tank 125 tons pull 0.04 
Container B Tank 100 tons pull 0.05 
Second Window Glass Tank 0.03 
Revised (Third) Window Glass Tank 0.01 


This is an important figure because it shows the dilu- 
tion caused by convection stirring in the tank. 

In graph I, the integrated curves previously shown for 
container tanks are compared on the same scale with 
those for window glass tanks 2 and 3. In container type 
tanks, the tracer which has been charged in about one 
hour is essentally all used up in the tank, made into 
finished glass, in about three days. In the large window 
giass tanks this requires three weeks or more. This lat- 
ter figure holds even for smaller window glass tanks of 80 
tons per day pull, but for single machine tanks pulling 
avout 20 tons per day, the time is reduced to approxi- 
piately two weeks. 


GRAPH I 
36 





INTEGRATED CURVGS / 


COMIPARISON JOF CONTAINER / 
TYPE] WITH WINDOW GUASS TANS 




















26 

5 / 
Sos l 
of 
3 P 
8 20 i 
= Fy A / 
z / 
= 16 l i 
° a 
d ; y 
5 2 — 

Fy 
2 ag A e 
s | 








U 
/ 
/ 
i 
4 1 3a02. 
/ jouass bee 
ne ¢ 4 
/ wn 7 ” ops 
i 2-7] noes 
a = 


° 4 8 12 16 20 24 
HOURS 


























General Summary 


Batch Charging 

The difference between the blanket type of batch 
charging and the intermittent pile charging has been 
shown in the case of the window glass tanks. Most con- 
tainer tanks use some type of continuous charging, but 
several forms are available. If the charging on the C 
tank, as compared to that on B tank, is considered it can- 
not be said that one or the other has any particular 
advantage so long as uniformly mixed, correctly weighed 
batches are fed. Considering the possibility of a bad 
batch being used, more localized trouble would be ex- 
pected in C. In the discussion of Container tanks Graph 
D shows the tracer input on the center forehearth when 
the tracer is fed only in the center chargers as compared 
to the effect of charging tracer only in the side charger. 
A bad batch fed at number 1 charger would cause a 
serious upset on the number 1 forehearth, while in the 
case of the B system, the upset would be across the board 
and probably less in intensity. 


Melter Temperature 
The effect previously discussed of fast flow in the B 
tank is undoubtedly due to the hot spot location in that 
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tank. Some study would be required on each tank to 
determine the optimum location for the hot spot. 


Throats and Necks 


The necessity, if it exists, for a low refiner temperature 
brings us immediately to consideration of a drop throat. 
Theoretically, a throat 12 inches lower should cool the 
glass about 100° F. more than the straight throat. In 
reality this cooling is seldom realized because surface 
flow conditions cause the surface glass in the melter to 
carry through into the refiner no matter what depth of 
throat is present. The concept of skimming action by a 
throat is based on displacement flow. In reality, all glass- 
men are familiar with the usual result that surface glass 
passes under any obstruction and reappears on the other 
side. Thus, it would be necessary to look to other means 
for cooling the glass. 

The narrow neck in window glass tanks did not ac- 
complish the basic objective, cooling the glass. Instead, 
this was a place of high surface velocities and excessive 
refractory wear. 


Refiners 


The refining section in a sheet glass tank is a section 
of carefully controlled cooling where the flow of glass 
is essentially streamlined and the glass is conditioned 
for use. In the typical container type tank, on the other 
hand, the refiner is simply a cooler where the glass radi- 
ates to the crown and sidewalls. Consideration should be 
given to the refiner as a conditioning section. Possibili- 
ties for controlled cooling and homogenization are great. 


Effect of High Melting Velocities 


When any practical glassman is given the results ot 
tracer experiments, such as those given here, the im- 
mediate question is, “How can we slow it down?” It is 
quite possible, even probable, that the opposite should be 
asked. Experience with window glass tanks shows that 
the machine getting the glass fastest gives best results, in- 
cluding low seed count, less cords and machine breakage. 


Future Work 


A mathematical analysis of the whole problem of coun- 
vection flow in tanks should be made. Electrical network 
theory offers great possibilities along this line. 

A study should be made of control of convection in a 
furnace. Some start in this direction has been made by 
means of dams and electrical boosting. However, the 
tanks as a whole have never been sufficiently studied. 
Control of convection is the best means of increasing fur- 
nace pull and furnace life. 


References 


) Flint & Lyle, Journ. Amer. Ceramic Soc. 15 (8) 410-418 (1932). 
) Preston, BuljJ. Amer. Ceramic Soc. 15 409-433 (1936). 
) Gehlhoff & Thomas, Journ. Soc. Glass Tech. 15 (58) 119 (1931). 
) “Effect of Changes in Tank Design on the Glass Flow,” Bull. Amer. 
Ceramic Soc. 29 (3) 99-101 (1950). ‘ 
(5) Juan Ernesto Pefia de Castro, ‘Remarks of a Practical Nature on 
Aeriai Division of a Glass Tank,” Bull. Amer. Ceramic Soc. 34 
7, 9-11 (1955). 

(6) I. Sawai, “Studies on Glass Tank Furnaces,” Memoirs of the Faculty 
of Engineering, Kyoto University, July (1955). 

(7) “Tracing Flow in Glass Tank Furnaces,” Jour. Amer. Ceramic 
Soc. 28 (11) 3-8-310 (1945). 

(8) Bishop & Staples, “‘Furnace Density Surveys,” Unpublished Sum- 

mary Glass Ind. 27—May 16 (1946). 


@ F. B. McGregor has joined the sales staff of Great 
Lakes Foundry Sand Company, Ceramic Division. 





145 






, 4] ; > x 








3 a. ei ie Ann 
ise i) EES es Gi 
* Be >= 2724 
ae ge 195% 
Sec: 
The Glass Division 
at the Annual CCS Convention 
© Memsers oF the Canadian Ceramic Society chose a Limestone constitutes an important mineral resource in 
radically different locale for their 54th Annual Meeting, Quebec owing to its wide-spread distribution, the high 
February 6 to 8, Ste. Marguerite, Quebec. The Alpine quality of some of the deposits, and its numerous applic :- 
Inn, picturesquely located on the banks of la Riviere du tions. The deposits range in composition from practical y 
Nord, in the beautiful Laurentian Mountains, 52 miles pure calcite to a dolomite. 
north of Montreal, proved to be a truly perfect setting About one-third of the production is used in the 
for a “winter meeting.” This lovely Inn, reflecting the preparation of Portland cement in four plants situated 
atmosphere of the French Canadian villages, provided an at Montreal East, Hull, Ste. Basile, and Vileneuve, near 
excellent background for the ever-popular sleigh rides, Quebec City. These two latter plants have entered pr. - 
skiing for novice and experts, skating, curling, and many duction recently. 
other popular outdoor winter sports. For those who did Silica is a mineral which serves a great variety cf 
not care to brave the outdoors there was the comfortable industrial purposes. Deposits are abundant so that cor- 
lounge with the ever-welcome stone fireplace as well as sumers can afford to be exacting, with regard to the 
many other indoor comforts. specifications of the material that they use. Development 
The officers of the Society: President J. K. Hossack, work of importance has taken place during the past year 
Ferro Enamels Canada Ltd., Oakville, Ont.; Vice Presi- in the silica mining industry of Quebec, mainly at Ste. 
dent D. W. McKnight, A. P. Greene Fire Brick Co., Ltd., _ Donat in Montcalm county, and in the Beauharnois area, 
Weston, Ont.; Secretary Howells Frechette, Ottawa, Ont.; where very large tonnages of high grade silica have been e 
and General Secretary L. C. Keith, Toronto 10, Ontario, blocked out. A large plant is also under construction at \ 
are to be congratulated for their part in arranging such Ste. Canut for the production of finely ground silica for and 
a successful meeting. Well over 200 members and guests ceramic and other industrial purposes. air | 
were registered. The province has been for many years an important the | 
The first paper was given by the Honorable W. M. producer of feldspar. The output in past years has con- cool 
Cottingham, Minister of Mines of the Province of Quebec, _ sisted largely of crude feldspar entirely ground in Canada nozz 
on Monday morning, February 6. Mr. Cottingham and exported to the United States. The production for zles 
pointed out the many deposits of industrial minerals that 1954 totalled 14,000 tons valued at $319,000 in compari- surf 
are found in various parts of the Province of Quebec. son with 32,000 tons valued at $389,000 five years ago. men 
The deposits most intensively worked are in the Ap- The 1954 feldspar output consisted of high-potash T 
palachian region, the Ste. Laurence Lowlands, and the feldspar and a small tonnage of feldspar of the soda com 
southern part of the Laurentian Plateau. The mineral variety. It came for the most part from pegmatite de- 50, 
resources, some of which are of extreme importance to posits in the counties of Papineau and Gaineau, and the tally 
the glass industry, were discussed in detail. Mr. Cot- remainder from Suzor township, Laviolette county. 52 « 
tingham stated: “In 1955, the mineral output of Quebec Sales of feldspar were made to Canadian and Ameri- 51 | 
Was estimated at $385,000,000, that is to say, it was four can manufacturers of glass, enamel, pottery and in cleans- lead 
times that of 1944 and more than a third of the total ers. Practically the whole production is ground in insi 
mineral output for Canada which is estimated at one bil- Quebec, either at the Canadian Flint & Spar mill at vide 
lion dollars. And yet the Quebec mining industry is still Buckingham, Papineau county, or in the mill of Bon plur 
in the very early stages of its development. Take, for Ami Limited at Pointe aux Trembles, on the island of tend 
instance, the cement industry. Quebec has four cement Montreal. and 
plants which produced last year 40,000,000 bags of Recent discoveries of large reserves of spodumene, a like 
cement, valued at $21,230,000. Moreover, the 1955 lithium mineral also used in the ceramic industry, in the type 
production included 7,000 tons of iron oxide for the township of Lacorne, some twenty-five miles from Val is n 
polishing of plate glass and pigment trade, 37,000,000 d’Or, led to the establishment by Quebec Lithium Cor- spar 
tons of sand and gravel, plus 10,000,000 tons of stone poration of a producing mine and a concentration plant tapi 
for building purposes.” (Continued on page 153) are 





146 





THE GLASS INDUSTRY 














it 
n 


f 











Inventions and Inventors 





Annealing and Tempering 

Glass Tempering Apparatus. Fig. 1. Patent No. 
2,724,215. Filed October 11, 1952. Issued November 22, 
1955. Two sheets of drawings. Assigned American 
Securit Co. by V. M. Gilstrap. 
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\n object of the present invention is to provide a new 
and improved blower head for an apparatus capable of 
air hardening or tempering glass, where the surfaces of 
the glass treated are uniformly bathed by a plurality of 
cooling air streams directed thereto, by a plurality of 
nozzle members disposed in such a manner that the noz- 
zles may be reciprocated rectilinearly relative to the glass 
surfaces and along a fixed path without creating impinge- 
ment marks on it. 

The blower head assembly 20 (Fig. 1.) is hollow and 
comprises a pair of vertical, opposed blower chambers 
50, 50 interconnected at their lower ends by a horizon- 
tally disposed distribution chamber 51. Air inlet means 
52 communicates with one side of distribution chambers 
51 for connection to any suitable form of flexible hose 
leading from a blower or the like (not illustrated). The 
inside face of each of the lower chambers 50, 50 is pro- 
vided with an apertured panel member 53 from which a 
plurality of tubular nozzle members 54 and 55 are ex- 
tended outwardly. The length of the nozzle members 54 
and 55 permits the passage of a sheet of glass 60, or the 
like, between there as it is suspended by any suitable 
type of clamp means, 61. The suspended glass sheet 60 
is normally conveyed while in a heated condition, to the 
space intermediate of the opposed nozzle members for the 
tapid surface cooling thereof, to effect a hardening and 
a reorganization of its structure. 
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There were 5 claims and the following references cited 
in this patent: 1,970,730, Black, Aug. 21, 1934; 
2,131,406, Mosmieri et al., Sept. 27, 1938; 504,191, Great 
Britain, Apr. 20, 1939; and 556,558, Great Britain, Oct. 
11, 1943. 


Feeding and Forming 

Glassware Transferring Device. Fig. 2. Patent No. 
2,713,419. Filed October 31, 1950. Issued July 19, 
1955. One sheet of drawings. Assigned to Armstrong 
Cork Company, by William Hayes. 

This invention relates to a take-out device for trans- 
ferring glassware from one glass-making machine to 
another and more particularly to a device in which the 
tongs of the transfer device will not close if the article 
being manufactured has a restriction on the interior of the 
neck finish. 

In the event the plunger 24 cannot drop freely into 
the opening in the neck of the bottle 19, the piston 12 is 
held in the position shown in Fig. 2 in which the recesses 
22, in the side of the piston 12, do not register with the 
adjustable screws 21. When this condition exists, the air 
cylinder 2 cannot force the tong arms 3 toward one 
another, since such movement is restricted by the ad- 
justable screws 21, which engage the maximum diameter 
of the piston 12. This prevents the glassware-engaging 
members 18 from coming close enough together to engage 
the glassware. When this occurs, raising of the entire 
mechanism will permit the glassware-engaging members 
18 to raise without engaging the bottle; and, therefore, 
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the glassware continues on the conveyor and drops off 
the end into a suitable receptable. 

If the glassware has no defect or restriction on the 
interior neck finish the take out assembly functions nor- 
mally and transfers the work either to the lehr or the next 
processing machine. 

There were 5 claims and 4 references cited in this 
patent: 610,931, Vernay, Sept. 20, 1898; 1,878,951, 
Madison, Sept. 20, 1932; 2,097,130, Miller, Oct. 26, 
1937; and 2,352,091, Fedorchak et al., June 20, 1944. 


Take-out For Glassware. Patent No. 2,725,154. Filed 
August 30, 1952. Issued November 29, 1955. Six sheets 
drawings; none reproduced. Assigned to Lynch Corp., by 
A. F. Hendricks. 

This invention relates to a reciprocating take-out 
mechanism for glassware formed in a glassware forming 
machine of the type shown in Miller Pat. No. 2,097,130 
and Langer Pat. No. 2,268,075. 

There is provided a take-out mechanism in which the 
reciprocating motion of the lifting cylinder is slowed 
down at the ends of its stroke by the crank motion im- 
parted to it as distinguished from the usual reciprocating 
motion of a directly connected piston which requires 
elaborate pneumatic mechanisms and pneumatic circuits 
for accomplishing cushioning effectively. By interposing 
a crank motion between the reciprocating piston and 
the cylinder (lifting), a harmonic motion of the cylinder 
is secured during its reciprocations between take-out and 
take-away positions, which progressively slows down its 
movement at the ends of the strokes and has its fastest 
motion intermediate the ends. 

A centering plug and grasping jaw arrangement is 
provided, which effectively and efficiently engages the 
ware and prevents undesirable swinging of it relative to 
the jaws that hold the ware, when the ware is being 
moved by the reciprocating piston from the take-out sta- 
tion of the glassware forming machine to the takeaway 
conveyor which delivers the ware to the annealing lehr. 
The mechanism is fully capable of handling relatively 
large ware such as gallon jugs and the like. 

There were 8 claims and following references cited in 
this patent: 344,222, Thomas, June 22, 1886; 1,523,063, 
Fuchs, Jan. 13, 1925; 1,733,987, Ingle, Oct. 29, 1929; 
1,843,285, Ingle, Feb. 2, 1932; 1,850,968, Morton et al., 
Mar. 22, 1932; and 2,119,725, Stecher, June 7, 1938. 


Glass Compositions 

Improving Acid Resistance of Glass Color. Patent No. 
2,724,662. Filed March 9, 1953. Issued November 22, 
1955. No drawings. Assigned to B. F. Drakenfeld & Co. 
by R. Andrews and R. S. Murray. 

This invention relates to a method of improving the 
acid resistance of vitrified glass colors. 

These glass colors are applied to ceramic articles, for 
instance glassware, tableware, etc., to provide decorative 
or other effect. They are applied in a wide variety of 
ways including spraying, screen stencil printing, hand 
banding and decalcomania and other types of transfer. 
After the color is applied the articles are heated to melt 
the color and bond it permanently to the underlying base. 

It has been discovered that the acid resistance of glass 
colors is increased substantially by surrounding them 
during the firing operation, with an atmosphere contain- 
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ing steam. With most acid resistant colors, this involves 
supplying the atmosphere when the article being fired is 
in the range from about 900° to 1300° F. 

As exemplifying the benefits to be derived from the 
invention, one glass color that has been considered to be 
of exceptionally good acid resistance showed, after firing 
under normal conditions, five parts per million (p.p.m.) 
of soluble lead when tested according to a standard pro- 
cedure. The same color when fired under the same con- 
ditions except that the atmosphere was essentially 100 
per cent steam showed, by the same test, less than 2 
p-p-m. of soluble lead. 

A known acid resistant enamel flux is of the following 
composition : 


PbO 48.8% 
SiO, 25.4 
B.O, 7.55 
CdO 3.03 
Na,O 4.1 
TiO, 3.42 
Li,O 1.4 
ZrO, 6.35 


Increase of the contents of ZrO,, or SiO, or TIO, in his 
latter composition increases the acid resistance and the 
melting point also. The melting point can be lowcred 
by increasing the content of Li,O or PbO, or of Na, or 
K,O, either or both. 

There were 4 claims and the following references vere 
cited in this patent: 303,276, Smith, Aug. 12, 1834; 
2,130,215, Young, Sept. 13, 1938; 2,225,159, Deyrup, 
Dec. 17, 1940; 2,273,778, Berthold, Feb. 17, 1942; 
2,314,842, Greene, Mar. 23, 1943; and 2,377,062, 
Adams, May 29, 1945. 


Sheet and Plate Glass 


Photochemical Mirroring Process. Patent No. 
2,723,919. Filed November 29, 1951. Issued November 
15, 1955. F. J. Pohnan. 

This invention relates to the manufacture of mirrors 
by the deposition of metallic films from solutions. 

A reducing solution is prepared by dissolving 1 ounce 
of granulated sugar in 10 ounces of water, adding 1 
fluid ounce of pure grain alcohol and 24 drops of nitric 
acid to the resultant solution, boil and cool. A silver 
solution is prepared by dissolving 1 ounce of silver 
nitrate in 10 ounces of water, adding ammonium hy- 
droxide until a precipitate forms and redissolves, add 
aqueous potassium hydroxide until a new precipitate 
forms, redissolving the precipitate by adding ammonium 
hydroxide and then adding aqueous silver nitrate in an 
amount sufficient to turn the color of the mixture to a 
light straw color. 

Two parts by volume of the reducing solution, are 
then added to one part by volume of the silver solution 
to form a standard commercial silvering solution. This 
silvering solution is then poured into a shallow pan until 
the top of a glass plate, prepared for silvering in the 
customary manner and supported therein, is covered with 
a thin layer of solution. A high pressure mercury lamp 
of 100 watts input and peaked at about 3650A is 
equipped with a nickel-cobalt filter so that its radiation 
is substantially confined within the long ultraviolet region 
of the spectrum. The lamp is equipped with a reflector, 
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positioned at a distance of ten inches above the surface 
of the silvering solution, and its radiation is directed 
into the solution for five minutes. The lamp is then 
turned off and the plate removed and dried. 

There were 3 claims and following references cited in 
this patent: 2,327,723, Levaggi, Aug. 24, 1943; and 
2,453,770 Wendt, Nov. 16, 1948. 


Bent Laminated Glass Sheets. Patent No. 2,725,320. 
File’ Feb. 5, 1953. Issued November 29, 1955. One 
drawing; not reproduced. Assigned Pittsburgh Plate 
Glass Co. by F. V. Atkeson, and J. S. Golightly. 

This invention is specifically concerned with a part- 
ing material and the method of applying the parting 
maicrial to one or more of the adjacent faces of the 
gla-s sheets, to prevent fusion or marring of the adjacent 
she-ts when heated during the bending operation. 

As a parting compound mica has been most desirable. 
In oreparing the mica spray solution it is preferred to 
use mica of 1000 or 3000 mesh in a water suspension 
of ''.5 per cent to 5.0 per cent concentration. Such finely 
div.ded mica will suspend in water under slight agita- 
tio so that it can be sprayed with available commercial 
spriy equipment. Excellent results have been obtained 
or bent windshields when using 1000 mesh mica of 1 
pe’ cent concentration in a water suspension with the 
spray gun nozzle at a 45° angle to the glass and spaced 
about 32 inches above the surface of the glass. The con- 
veyor speed was 9 feet per minute and the gun setting 
was to a light fan. 

Diatomaceous earth has also been used as a substitute 
for mica. Details of application and equipment used are 
also given. One of these, sold under the trade name 
Varcel, has a refractive index of 1.468 which is prac- 
tically identical with the refractive index or vinyl butyral 
which is 1.470. Vinyl butyral is a popular thermoplastic 
material used in laminating glass. Another suitable ma- 
terial sold under the trade name Super Floss is a finely 
divided silica. 

There were 11 claims and the following references 
cited in this patent: 2,357,537, Orser, Sept. 5, 1944; 
and 2,392,770, Ryan, Jan. 8, 1946. 


Glass and Wool Fiber 

Leaching and Felting Glass Fiber. Patent No. 2,718,461. 
Filed August 2, 1954. Issued September 20, 1955. Two 
sheets of drawings (none reproduced). Assigned H. I. 
Thompson Fiber Glass Co., by L. Parker and R. C. 
Nordberg. 

An improved process for leaching siliceous glass fibers 
to form hydrated silica fibers is described. Fibers of the 
so-called E type are placed in cloth bags of Dynel (syn- 
thetic vinyl chloride) and wetted with water after com- 
pressing to a bulk density of about 15 to 25 pounds per 
cubic foot. Suitable acids (10 to 15 per cent by weight 
of HC1)j is flowed over the packed fibers at a temperature 
ranging from 150° F. up to, but not at, the boiling tem- 
perature of the acid. The acid is heated by the heat of 
reaction of the acid and fiber. The heated acid is with- 
drawn and the glass pack is compacted further to a bulk 
density of about 30 to 50 pounds per cubic foot. The 
acid solution is again flowed over the packed fibers and 
the leaching repeated. The fibers are then dried at a 
temperature of 180° F. and then heated to a temperature 


MARCH, 1956 








of about 1800° F. for 8 hours which results in a fiber 
of about 98 per cent SiO,,. 

There were seven claims, and the following references 
were cited in this patent. 2,491,761, Parker, Dec. 20, 
1949; and 2,686,954, Parker, Aug. 24, 1954. 


Glass Fiber Drawing Apparatus. Fig. 4. Patent No. 
2,700,253. Filed July 12, 1951. Issued January 25, 1955. 
One sheet of drawings. Assigned to International Har- 
vester Company by J. F. Courtney and A. C. Radtke. 

eee! An object of the invention 
is to devise a drawing assem- 
bly which obtains the required 
drawing rate for glass fibers 
while grasping the material 
8 
lightly along lengthy sinuous 
surfaces. Furnace 2, shown in 
Fig. 4, contains molten glass 
and has a plate 4 at the bot- 
tom thereof, provided with a 
plurality of apertured depending frustoconical bosses 6, 
6 through which the molten glass is adapted to flow to 
form inverted cones of molten glass which, upon initia- 
tion of the drawing process, flow gravitationally to form 
a plurality of coarse filaments 8, 8. The filaments are 
initially gathered by an operator and trained over an 
applicator assembly 10 which is adapted to apply to each 
filament a suitable coating, preferably of thermoplastic 
or thermosetting types. The coated filaments are con- 
verged into a groove 12 of a gathering element or sheave 
14, whereby the filaments are compacted and associated 
into a strand preferably while the coatings thereon are in 
an adherent state whereby the coatings may coalesce and 
form a unitary strand. 

The centrifugal forces developed pursuant to rotation 
of the members 18 and the flexible characteristics of the 
annulus 26 of each, causes the annulus to expand radially 
outwardly whereby due to the differences in the densi- 
ties of the rods and the adjacent sections of the annulus, 
the outer surface 32 of the annulus is caused to assume 
an undulant or scalloped contour as shown in phantom 
lines which provides a substantially sinusoidal gripping 
surface for engaging the strand. The arrangement of the 
opposed drawing rollers is such that at the grasping area 
of the rolls, the crest of each roll is meshed with a val- 
ley of the opposing roll whereby the strand which is 
gripped between the adjacent sections of the rolls is 
caused to sinuate there between, and, an effective light 
grip is obtained on the strand along a relatively exten- 
sive length thereof, while a pulling force is imposed on 
the strand pursuant to the rotation of the rolls. 

The patent contains 16 claims and the following refer- 
ences were cited: 437,208, Kinney, Sept. 30, 1890; 
1,007,296, Larrabee, Oct. 31, 1911; 1,478,156, Whitcomb, 
Dec. 18, 1923; 2,104,630, Zahn, Jan. 4, 1938; and 
2,389,655, Wende, Nov. 27, 1945. 


Glass Building Structure. Patent No. 2,703,486. Filed 
August 17, 1948. Issued March 8, 1955. One sheet of 
drawings (none reproduced). Assigned to Pittsburgh 
Corning Corporation by Walter D. Ford. 

The present invention relates to mats composed of fine 
fibers or filaments of glass and it has particular relation 

(Continued on page 151) 
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Mold Surfaces and Their Influence 
on the Flow of Glass 


During the forming process of bottles, certain phe- 
nomena, namely, uneven wall-thickness, surface irregu- 
larities and disturbances of the arrangement of cords 
occur and originate mainly at the interface of the glass 
and the mold walls. A study of the part the mold surfaces 
play in these phenomena is reported on by Wilhelm 
Giegerich in Glastechnische Berichte for November 1953. 

The mold casting is usually an unalloyed or low alloyed 
gray cast-iron containing 2.7 to 3.8 per cent carbon 
having a structure of ferrite, pearlite, graphite and de- 
veloped forms, such as cementite and steatite in varying 
amounts. Metallographs (X80) of the mold surfaces 
showed that the desirable dendritic chill structure present, 
originally to a depth of a few millimeters, was removed 
by machining. After use, only a coarse granular pearlitic 
(some places show lamellar texture) structure remains. 
In the case of a suction mold, visible heat cracks several 
millimeters deep followed coarse graphite veins. Around 
these cracks the original pearlitic structure was oxidized 
at operating temperatures to ferrite. 


In its working condition, there is a layer arising from 
burning and oxygen on the mold surface. This layer 
reduces heat dissipation, forms a heat barrier and more 
readily adheres to the glass. Profilometer apparatus with 
a sapphire point of 0.01 mm. radius and a magnification 
of 1000 to 1 showed that the smoothness of the polished 
blow mold was greater than that of the parison mold. 
The oxide on the hotter running parison mold was more 
pronounced and coarser by a factor of 2 than on the 
blow mold. The degree of smoothness of the molds 
corresponded well with the glass. Polished blow molds 
showed a roughness of 0.004 mm. and this is increased 
to 0.009 by oxidation. New parison molds had a rough- 
ness of 0.0085 mm. which was increased after consider- 
able machining and polishing to 0.010 mm. by dope 
residue. From this the thickness of the oxide layer was 
0.007 mm. and that of the grease layer, 0.003 mm. Sur- 
face roughness increases as the result of imperfect lubri- 
cation and the grain size of the graphite present in 
“dopes” and the carbon and residue from them are im- 
portant in judging mold lubricants. 

It is well known that a lubricant layer between the 
mold wall and the glass increases the sliding velocity of 
the glass by filling and smoothing surface irregularities, 
by reducing friction and by reducing sticking. Such a film 
also corrects imperfections in the tightness of the two 
halves of the mold. In practice, the parison molds of suc- 
tion machines are not lubricated except by the absorbed 
gases from the furnace, and this vapor layer is continu- 
ously renewed. Blow molds also need not be lubricated, 
as they operate at a lower temperature and glass flow does 
not take place in them. Blank molds for feeder-fed ma- 
chines must always be lubricated because new adhering 
vapor layers are formed from the surrounding air, when 
the mold opens, and greater friction is present than in a 





suction mold. The application and distribution of the 
lubricant layer is more important and more difficult than 
the choice of the dope. The hot opened mold may be 
sprayed, brushed or wiped with the lubricant. 

Physical properties, volatile constituents, water, ash, 
free carbon and free sulphur were determined for some 
of the commonly used lubricants such as paraffin oil, 
Kleenmould No. 1, Kleenmould No. 2, Kleenmould spray 
and Sulfo Slick. Two types of mold lubricant are is- 
tinguishable: (a) fluid, easily vaporizable oils, which 
must be sprayed on after each cycle and which give the 
finest glass surface because of their vapor layer; «nd 
(b) solid, sulphur-containing lubricants in powder or 
paste form, which develop gas strongly and adhere 
loosely to the mold. These last for several mold che rg- 
ings. There are also solid dopes with a carbon bse 
which have a lubricant action because of their smo >th 
surface and slow gasification. They stick more firmly to 
the mold surface and are effective for a longer time. A 
high ash content is undesirable and viscosity and fl :sh 
point are more important in practical application thar is 
chemical structure. Lubrication also raises the tempera- 
ture at which glass sticks to the mold. 

The thermal behavior of the interface between gl iss 
and mold was calculated by the laws of heat conduction, 
since heat accumulation and radiation could be neglecied 
because of the thinness of the layer. Thermal conductivity 
of the phases appearing in the microstructure of the mold 
varies from 6.1 for iron carbide to 100 for graphite 
(units in Keal/m/n/° C) while for the lubricants the 
range is 0.03 for steam, 0.1 for oil, and 100 for graphite. 
The conductivity of the boundary layer considerably in- 
fluences machine production. 

In the case of the mold iron constituents, a dense tex- 
ture is more favorable to heat conduction than large 
grains, since the coarser the grain of the mold iron, the 
less chance there is for temperature equalization between 
grains. Besides the temperature inequalities, due to 
different heat conductivities of the phases of the iron, 
thermal discrepancies occur because of the roughness of 
the walls as it reduces the intimacy of contact between 
mold and glass. Sharp cornered elevated ridges on the 
surface chill the glass and are themselves strongly over- 
heated for a short time. Heat barriers also occur at 
holding notches, points, etc., and may also cause sticking 
of the glass. Contact equilibrium temperatures may be 
calculated from heat conductivities, specific heats and 
densities of the mold and lubricant constituents. For an 
average temperature of 500° C. at the mold-glass inter- 
face, the equilibrium temperatures, of the mold iron 
grains range from 475° C. for ferrites to 590° C. for iron 
carbide. Lubricant equilibrium 475° C. for ferrite to 
590° C. for iron carbide. Lubricant equilibrium tem- 
peratures vary from 1100° C. for steam, SO, and CO, 
to 485° C. for graphite. 

The effect of lubrication on the temperature of the 
inner wall was shown to be, in the first cycle after doping, 


(Continued on page 162) 
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Inventions and Inventors . . . 
(Continued from page 149) 


to mats of such fibers in which the individual fiber ele- 
ments are bonded together into a coherent unit. Very 
finely divided silica and notably the forms of silica 
known as colloidal silica constitute highly satistfactory 
binders for fiber glass mats which do not embrittle the 
fibers. The colloidal silica used as a binder comprises 
an exceedingly finely divided form of silica preferably of 
a particle size of 1 micron in diameter and less. The 
suspension of colloidal silica is applied directly over the 
o-ganic bond or binding agent in the glass mat. The 
nats, after the spraying preferably, are fired at a tem- 
perature sufficiently high to burn out the organic binder, 
eg. starch, but not so high as to cause the glass fibers 
t» be used together to an objectionable degree. A tem- 
perature of about 900 to 1200° F. is satisfactory. The 
colloidal silica becomes anchored to the surfaces of the 
class fibers and thus at their points of contact with each 
cher produces a permanent heat resistant and solvent 
resistant union. The final deposits are essentially pure 
¢ lica. For some purposes, it may be desirable to color 
tie mats with appropriate agents. Appropriate coloring 
ratters may comprise pulverized glass like frits or glazes. 
The patent contains four claims and 16 references. 





DR. HENRY PHELPS GAGE DIES AT 69 


ir. Henry Phelps Gage, renowned for his work in 
siandardizing colored signal glasses, died February 9, 
1956 at Corning, New York, at the age of 69. He was 
associated with Corning Glass Works for 45 years. 

Dr. Gage was born at Ithaca, New York, October 4, 
1886 and received his Ph.D. from Cornell University. 
He joined Corning Glass Works in 1911 as an optical 
physicist. His work on signal colors for American rail- 
roads was instrumental in the adoption of a nationwide 
color standard by the Railway Signal Association. 

Dr. Gage was instrumental in developing the coloring 
agents for Corning filter glasses. He retired in 1951 
after 40 years of active service. 


‘COLUMBIA-SOUTHERN PLANS EXPANSION 
AT BARBERTON PLANT 
Columbia-Southern Chemical Corporation is planning an 
extensive expansion of research and development work at 

its Barberton, Ohio plant. 

According to Joseph A. Neubauer, vice president and 
technical director, the program will cost in excess of a 
million dollars and will include the construction of an 
ultra-modern research building. 

The new research unit, about 40,000 square feet of 
floor space, will be adjacent to the company’s chemical 
manufacturing facilities at Barberton. It will have a 
basement, and three floors, and will include a library and 
conference room, in addition to laboratories and offices. 

The existing laboratory quarters will be used prin- 
cipally for applications research and analytical work 
when the new unit is completed early next year. Labora- 
tory tools, including advanced X-ray defraction equip- 
ment, emission, infrared and ultraviolet spectrographic 
equipment and electron microscopes will be utilized in 
the new unit. A small “hot” laboratory for experiments 
with radioactive materials will be included in the new 
facilities. 
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NEW ORGANIZATION FOR SURFACE 
COMBUSTION CORP. 





H. M. Heyn G. J. Langenderfer 
New major appointments in the management of the 
Toledo Industrial Division were announced by Frank H. 
Adams, president of Surface Combustion Corporation, 
Toledo, Ohio. 

Henry M. Heyn, a vice president of the company has 
been appointed general manager in charge of all func- 
tions of the Toledo Industrial Division. Carroll Cone, 
recently named chief engineer, assumes full responsibility 
for all engineering activities. Donald Beggs, formerly 
assistant research director, has been appointed manager 
of research and development. G. J. Langenderfer, for- 
merly assistant sales manager, has been appointed sales 
manager of the Heat Treat Division. 

W. M. Hepburn, vice president in charge of engineer- 
ing; C. B. Phillips, vice president in charge of sales; and 
E. G. de Coriolis, research director, have been appointed 
to the staff of the president and will handle general 
assignments, including consultation, forward planning, 
patents and communications between plant divisions. 

All of the appointees have served with the company 
for practically their entire business careers for periods 
ranging from 20 to 35 years. 

According to the company, these appointments are part 
of an overall plan for strengthening the organization and 
increasing its capacity for service. 











Current Statistical Position of Glass 








Employment and payrolls: Employment in the glass 
industry during December, 1955 was as follows: Flat 
Glass: A preliminary figure of 30,500 for December, 
1955 indicates an increase of 1 per cent from the ad- 
justed 30,200 reported for November, 1955. Glass and 
Glassware, Pressed and Blown: A drop of 1.6 per cent 
is shown by the preliminary December, 1955 figure of 
79,500 when compared with the final November, 1955 
figure of 80,800. Glass Products Made of Purchased 
Glass: The preliminary December, 1955 figure of 16,400 
shows no change from the previous month’s 16,400 figure. 
Payrolls in the glass industry during December, 1955 
were as follows: Flat Glass: A decrease of 2.3 per cent is 
shown in the preliminary December, 1955 figure of 





GLASS CONTAINER SHIPMENTS 
(All Figures in Gross) 


Narrow Neck Containers 
January, 1956 


ee. nw eeeece heeds 853,000 
Medicinal and Health Supplies................. 1,288,000 
Chemical, Household and Industrial............. 802,000 
ee 764,000 
CI, IIE ng so ccc ccc ccieesseves 533,000 
Beverage, Non-returnable ....................- 79,000 
re al os. 6. s ke dines ole wweae are 83,000 
Ee eee 501,000 
a ainsccdcecnceectccsave nes 599,000 
OS Er a nee etre i: dw a tiev uaialeneits 365,000 
Geme-tetel (Mamrow) . 2... cc cee 5,867,000 
Wide Mouth Containers 
ee i ee atk ea uae cee nace *2 601,000 
Medicinal and Health Supplies................. 433,000 
Chemical, Household and Industrial............. 160,000 





id osc a we ses save ne ee ek 116,000 
Ec el «Geb venev acer cassedee 198,000 
hy dg “ero cae doe 3,714,000 
INN 0 Sy 5 54/0 01:0, 000idie'e 9,581,000 
Export Shipments ............... 236,000 
yf RE oy 9 9,817,000 
* This figure includes Fruit Jars and Jelly Glasses. 
GLASS CONTAINER PRODUCTION 
AND INVENTORY 
(All Figures in Gross) 
Production Stocks 
January January 
1956 1956 
Foods; Medicinal and Narrow 
Health Supplies; Chemi- Neck .. 4,720,000 


. 4,116,000 
cals, Household and In- eS 5 
dustrial: Toiletries and Wide 





Cosmetics Mouth .. *3,863,000 *4,385,000 
Beverage, Returnable ............. 819,000 1,428,000 
Beverage, Non-returnable .......... 78,000 211,000 
I ie ck oe cess 155,000 332,000 
Beer, Non-returnable .............. 571,000 851,000 
 y Sees SRE 724.000 1,062,000 
ee a Ue islaig 2 2 e'e't we’ 433,000 540,000 
Packers’ Tumblers ................ 108,000 150,000 
pS OCP POT eee 232,000 316,000 

EN ae 11,099,000 13,995,000 


* This figure includes Fruit Jars and Jelly Glasses. 
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$15,680,261 when compared with the November, 1955 
adjusted $16,056,039 figure. Glass and Glassware, 
Pressed and Blown: A decrease of 1.1 per cent is shown 
in the preliminary $26,723,130 reported for December, 
1955 when compared with the previous month’s ad- 
justed $27,030,266. Glass Products Made of Purchased 
Glass: A preliminary figure of $5,025,829 was reported 
for December, 1955. This is 2.2 per cent higher than 
the adjusted November, 1955 figure of $4,913,548. 


Glass container production based on figures released 
by the Bureau of Census rose 9.2 per cent during Jana- 
ary, 1956 to reach 11,099,000 gross. This is an increase 
from the previous month’s 10,166,000 gross. During 
January, 1955 production was 10,333,000 gross, or 1.6 
per cent higher than the January, 1956 production. 

Shipments of glass containers during January, 19.6 
decreased 15.2 per cent to drop to 9,817,000 gross. This 
is a decrease over the December, 1955 shipments which 
were 11,579,000 gross. Shipments during January, 19:5 
were 9,645,000 gross, or 1.9 per cent lower than Janu- 
ary, 1956. 

Stocks on hand at the end of January, 1956 were 
13,995,000 gross. This is 10.2 per cent higher than the 
stocks of 12,700,000 gross on hand at the end of De- 
cember, 1955 and 21.5 per cent higher than the 11.,- 
520,000 gross on hand at the end of January, 1955. 


Automatic tumbler production during December, 
1955 was 4,498,192 dozens. This is a decrease of 1.5 
per cent from December, 1954 production which was 
4,567,675 dozens. Production during the year 1955 was 
64,111,604 dozens. Shipments during December, 1955 
rose to reach 4,424,531 dozens. This is 4.5 per cent 
higher than the December, 1954 figure of 4,236,729 
dozens. During the year 1955, shipments were 62,- 
539,884 dozens, which is only .1 per cent lower than the 
62,598,501 dozens shipped in the similar period last year. 


Table, kitchen and household glassware: Manufac- 
turers’ sales of machine-made table, kitchen and house- 
hold glassware during December, 1955 fell off 12.6 per 
cent to reach 2,492,488 dozens. This is a decrease from 
the December, 1954 figure of 2,853,410 dozens. At the 
end of the 12-month period ending December, 1955 
manufacturers had sold a total of 37,360,825 dozens, 
which is 1.5 per cent below the 37,919,889 dozens sold 
during the corresponding period of 1954. 





THATCHER ELECTS C. A. WINDING TO BOARD 
Charles A. Winding was elected a director of the board 
of directors of Thatcher Glass Manufacturing Company, 
Elmira, New York, at a recent meeting. 

Mr. Winding is chairman of the board of directors and 
president of the Marine Midland Trust Company of 
Southern New York. He is a partner in the law firm of 
Denton, Winding & Moseson, Elmira, besides holding 
various directorships. 
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The CCS Glass Division Convention . . . 
(Continued from page 146) 


during 1955. The spodumene ore presently used as the 
chief source of lithium may eventually become a source 
of feldspar and silica obtained as secondary products in 
the treatment plant. In addition, production of fluorite 
has recently been initiated. 

The Glass Division met on Tuesday, February 7, and 
an interesting program was provided. It was arranged 
by the following officers: Chairman: Dr. Syd Bateson, 
Duplate Canada Ltd., Oshawa, Ont.; Secretary: J. Peeters, 
Cenadian Pittsburgh Industries, Ste. Laurent, Que.; Di- 
rectors: Harold Sephton, Dominion Glass Co., Hamilton, 
Oat.; W. F. Hughes, Consumers Glass Co., Toronto, 
Oat.; D. A. Clarke, Canadian Pittsburgh Industries, Mon- 
treal, Que.; George Boyd, Pilkington Bros. (Canada) 
L:d., Scarboro, Ont. 

The first paper was, “Application of High Energy 
Radiation Effects on Glass,” by Dr. J. R. Hensler and Dr. 
Norbert J. Kreidl, Bausch and Lomb Optical Co., Roches- 
ter, New York. The paper was presented by Dr. Kreidl. 

Dr. Kreidl described an extremely useful and new 
a plication of glass. The Atomic Energy Commission 
vas one of the first to notice that high energy radiation 
had a specific effect on the color of certain glasses. At- 
tempts have been made to ascertain the reason for such 
reactions, and in these attempts some information has 
been added to our knowledge of the structure of glass. 

It was shown that exposure of 1 million roentgens of 
gamma radiation produced a definite discoloration. The 
results of high energy radiation of glass were shown to 
be far reaching and to extend beyond the simple effects on 
color alone. In general, however, the phenomenon has 
been described as the entrapping of fast electrons or free 
electrons to form new color centers. Other changes 
nave been observed, such as the lowering of the index of 
refraction of the glass. Data which applied specifically to 
vitreous silica were given. 

Other changes such as photoluminescence and _ther- 
moluminescence were discussed and described. The ques- 
tion of glass composition was considered, and data were 
presented to show that the composition of the parent 
glass was a most important factor in determining the 
susceptibility of a particular glass to react to high energy 
exposure. Curves were shown indicating the rather pro- 
nounced influence alkali ions had on a specific alkali-lime 
glass. The effects were most pronounced with K, K-Na, 
Na, K-Li, Na-Li combinations. These curves were made 
by data showing the relationship between optical density 
and wave length. 

Germania glasses (GeO,) exhibited little change in 
color when exposed to a radiation of as much as one 
million roentgens. A similar effect was observed when 
Na,O was added to GeO, as well as more complex ger- 
mania glasses. 

Cerium glasses showed little change in color, indicating 
that this element provides a useful means of control in 
certain radiation studies. Phosphate glasses, on the other 
hand, showed a rather profound change in color. For 
example, very attractive red colors were noted with 
exposed phosphate glasses. Cerium added to such glass 
more or less completely supressed the color change. Sil- 
ver-phosphate glasses exhibited luminescence upon ex- 
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posure, with the degree of such exposure being measured 
by a photoluminescence technique. A number of color- 
ing ions such as Manganese (Mn), cobalt (Co), vanadi- 
um (V) and titanium (Ti), have also proved useful in 
tracing the effects of color changes brought about by 
high energy radiation. 

Practical application has been made of these studies; 
e.g., it has been found possible to measure the extent of 
exposure of a particular environment by noting the color 
change of a particular glass. Glasses made in the form 
of a small locket have been worn by personnel to note 
the degree of exposure to which they have been subjected. 
Such glasses have been called “dosimeters” because they 
measure the dosage of high energy exposure. 

Other useful applications have been made and pro- 
posed in the germicidal treatment of meats, drugs, phar- 
maceuticals, and foods. It has also been proposed to use 
glass in small shapes such as needles to determine the 
degree of high radiation exposure in the treatment of 
malignant tissue or cancerous growth. 

In order to classify the intensity of exposure into its 
various applied ranges the following table was given: 

<10 roentgens —laboratory monitoring 


10-600 ai —defense dosimetry 
600-107° ~ —discoloration 
>101° - —destruction 


Because of its versatility, it is quite possible that glass 
will be used for both measuring the dosage of radiation 
as well as protective devices for excessive exposures. 

The second paper of the morning session was “Glass 
and You,” a 25-minute, colored sound picture presented 
by Dr. J. B. Todd, Corning Glass Works, Corning, N. Y. 

The Corning film was a most interesting and informa- 
tive one and illustrated in an effective manner just how 
glass contributes to our safety, well-being, and happiness. 
The many uses of natural glasses (such as obsidian) by 
prehistoric man was illustrated. This was followed by an 
illustration of the rapid development of the glass indus- 
try, showing the multiplicity of useful products of today. 

Dr. Todd also presented some of the results of recent 
research done at the Corning Glass Works to determine 
outgassing characteristics of glass. The gas evolved from 
glass at temperatures below the softening point, which is 
of interest in bake-out problems, is primarily water. 

“The work of other investigators has established that 
when glass is heated in a vacuum a rapid evolution of 
gas (primarily water) occurs upon first heating, fol- 
lowed by an evolution which becomes increasingly per- 
sistent as the bake-out temperature approaches the soften- 
ing point of glass. The major part of the initial evolution 
has been attributed to gases held on the surface; the per- 
sistent evolution at higher temperatures has been at- 
tributed to diffusion from the interior. These earlier 
data afford no adequate means of separation of these 
two outgassing processes. Also, it is impossible to pre- 
dict from the data, except in a very general way, the 
outgassing characteristics of a glass after some arbitrary 
bake-out.” 

The work of Dr. Todd not only confirmed the above- 
mentioned mechanism of outgassing, but also permitted 
differentiation between the water residing at the surface 
and that which diffuses from the glass interior. The dif- 
ferentiation was based on the observation that the 

(Continued on page 158) 
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Solid State Reactions .. . 
(Continued from page 141) 


line solutions” and which were extensively studied also 
in G. F. Hiittig’s laboratory” are able to demonstrate 
the possibility of intense changes in the diffusion prop- 
erties in the reacting systems. If structural changes in 
the “hermaphroditic” products in early states of the reac- 
tions occur at distinct times, the Jander lines will show 
break points. A more continuous change of the struc- 
tural conversions during the reactions will be indicated 
by a smooth change also in the diffusion constants. 

This excursion into the structural background of the 
problems here involved is sufficient to demonstrate the 
justification of Kréger’s attempt to introduce in place of 
the assumptions of the simpler Tammann-Jander theory 
a formulation of the reaction output as a function of 
time in the form 

dy/dz = k’/y. z; 

Cydy = kifdz/z, 
and therefore of y? = 2k’. Inz + C, or y* = k. In z. The 
layer thickness of the reaction product (y), and its 
amount in mol. per cent (x) will then be determined 
by the modified Jander equation 


ei pee 
(1 — [100 aa! *) = k’. In z. 


VN 100 


The validity of this relation is well established especially 
in the reaction curves for quaternary soda-lime-silica 
glass batches. Among these the molecular compositions 
of the type 1 Na.O; 1 CaO: 6 SiO, and related mixes 
with systematically varied lime and silica contents are 
particularly interesting. From his static equilibrium in- 
vestigations, Kroger came to the conclusion that ternary 
soda-lime silicates are formed already in early stages 
of the conversions. The method of electric resistance 
measurements again proved to be a valuable help in the 
identification of the first polyeutectic melts, among which 
those of the carbonates are the most characteristic liquid 
phases. Only below about 760°, the reactions are trie 
conversions in the solid state. At higher temperatures, 
the conductance curves for the mixes of the molecul ir 
ratios 1:1:2; 1:1.3:2, and 1:2:3 show a maximum aid 
decreasing conductivity with increasing time of reactioa, 
while the mixes of the ratios 1:1:6; 1:2:6; 1:2:1); 
1:2.7:9.3 show a continuous increase in conductan:e 
which corresponds to a continuous increase in mclt 
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New Equipment and Supplies 











NITROGEN DIVISION, 
ALLIED CHEMICAL 
ADOPTS NEW LOGOTYPE 
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Nitrogen Division, Allied Chemical 
& Dye Corporation, 40 Rector Street, 
New York 6, New York adopted a new 
lc gotype. It is to be used in advertising 
a.d printed material showing users of 
bisic industrial chemicals the connec- 
tion between the division and its parent 
company. 

The new logotype is being adopted 
{.r easier understanding and identifica- 
tion of products of Allied and _ its 
d.visions. 


KIGH TEMPERATURE 
VACUUM FURNACE 


Harper Electric Furnace Corpora- 
tion, 39 River Street, Buffalo 2, New 
York has just announced a new high 
temperature vacuum furnace. It was 
designed primarily as a research or 
small production furnace for heating 
ceramic and metallic parts in a vacuum 
of 200 to 300 microns at temperatures 
up to 2500° F. 

The furnace has a D-shaped muffle 
with a chamber 714 inches wide, 13 
inches deep and 5 inches high. Heat 
is produced by resistance heating ele- 
ments, which are placed around the 
muffle. Other features of the furnace 
are the ease of access to the furnace 
through the use of an easily-operated 
removable end bell and a hinged plug 
refractory door; the ability to obtain 
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a high vacuum in a few minutes for 
firing material to be placed in a hot 
furnace and heated under a vacuum 
and the compact assembly of furnace, 
pumping equipment and electric con- 
trols. These electric vacuum furnaces 
are available in larger sizes and with 
modifications for lower and_ higher 
temperatures for various processes. 


DUST AND SPRAY HOOD 


Industrial Products Company, 3046 
North Fourth Street, Philadelphia 33, 
Pennsylvania, announces an improved 
respirator hood designed to give com- 
plete head protection on jobs and 
operations involving dust and spray. 

It weighs 11 ounces and allows 
normal, unrestricted vision through a 
large, replaceable, die cut plastic win- 
dow. Respiratory protection is pro- 
vided by Bureau of Mines approved 
type respirator with a long life filter, 
and affords ease of breathing through 
a large filter area. The cloth hood 
may be removed readily for washing. 
as a zipper completely encircles the 
window frame. 


NEW INSULATING TAPE 
FOR LABORATORIES 


Fisher Scientific Company 717 Fisher 
Building, Pittsburgh 19, Pennsylvania, 
offer a new tape of plain, purified 
asbestos, 1/32 inch thick in widths of 
1 inch, 14% inches and 2 inches. 

The tape is claimed to be more 
versatile as well as tougher and easier 
to handle than the paper sheets it re- 
places. It is designed to expedite the 
insulating of distillation columns in the 
laboratory and is especially recom- 
mended for laboratory glassblowing 
shops, for use in supporting and 
padding items during complex glass- 
work. 





HIGH INTENSITY 
MAGNETIC SEPARATORS 
FOR LABORATORY 


Exolon Company, Tonawanda, 965 
East Niagara Street, New York, an- 
nounces two laboratory model high 
intensity magnetic separators. These 
separators are specially designed for 
separating dry, granular, weakly mag- 
netic materials or those materials usu- 
ally considered non-magnetic. Material 
in a grain stream flows onto the highly 
magnetized revolving rotor. The par- 
ticles in the stream, which are influ- 
enced by magnetism, cling to the rotor 
longer than the non-magnetic particles. 
Knife-edge dividers are so placed as 
to make the desired separations of the 
head feed. Results obtained are di- 
rectly comparable with commercial 
sized models. 

The laboratory high intensity mag- 
netic separators find use in the purifi- 
cation of silica sand, borax, feldspar 
and other dry granular products. 


FLEXIBLE BELT 


Ashworth Brothers, Inc., Winchester, 
Virginia. has recently introduced a 
newly designed flexible conveyor sys- 
tem. The belt is designed to make turns 
within 21% times its width. It is pres- 
ently made in widths from 4 inches to 
4 feet in mesh of ¥% inch by 1 inch. 
A modification of the flat wire belt. 

Named Omniflex, it is designed to 
provide a flow conveyor around corners, 
poles, other machines, etc. and elimi- 
nate transfer plates or dead plate trans- 
fers. It decreases labor costs in the 
handling of materials from one con- 
veyor to another. The belt should 
prove convenient for use in operations 
involving assembly, washing, drying, 
sorting, packing, etc., in fact wherever 
products and processes must be kept 
on the move. 
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Solid State Reactions . . . 
(Continued from page 154) 


phase in the reacting mix. The most favorable condi- 
tions for an “accelerated” formation of a high share in 
fused products is evident for the batch 1:1:6 which cor- 
responds to a “model” of an industrial glass batch. This 
fact is highly remarkable because, in an interesting 
investigation of A. E. Badger and L. G. Farber”, the 
optimum conditions of accelerated melting of glass batches 
(and of fining, too) have been observed for a mixture 
of pressed pellets of two different compositions between 
which the model glass 1:1:6 is projected in the system 
Na,O-Ca0-SiO,. For the composition 1:2.7:9.3, which 
is one of the type briquettes in Badger’s and Farber’s 
experiments, Kroger observed a reaction curve which 
nearly coincides with that of 1:1:6 in the early stages 
but, with increasing times, is by far inferior in the CO, 
output. How variations in the molecular ratios of the 
batches influence the reaction rates is shown somewhat 
later more extensively. 

The reaction constants (k’) of the conversion curves 
are derived from the modified Jander lines which corre- 
sponds to the log z relation as an important improve- 
ment of the previous theories. How precise these linear 
relations are over a wide field of variations of time, 
temperature, and composition is seen in Figs. 18 and 19. 
These lines are not only valid over the ranges of con- 
stant temperatures in the batches (i.e. beyond z,), but 
also over a considerable part of the heating period 
(z, to z,). In Figs. 18 and 19 the times for z, are marked 
by a simple, those for z, by a double arrow. For the 
mix 1:1:6, however, a distinct break point is observed 
after 50 minutes, and other slight anomalies occur in 
CaO-richer mixes. But the fact is generally established 
that the modified Jander relations include an 8 to 10 
times larger range of CO, outputs in the reactions than 
the simple Jander equation. From the inclination angles 
of the lines, the reaction constants are determined which 
show the very characteristic logarithmic time functions 
in Figs. 20 and 21. They obey an Arrhenius equation of 
the type k’ = C.e~*/®", with the activation energy, E, 
and the frequency constant, C. The inclination angles 
of the lines in Figs. 20 and 21, multiplied by 4.573, 
give directly the activation energies of the reaction to 


1 | 
! 
} 
+ 
t 
t 
| 
is 


= 
» 
7 
8 
& 














rms? 











ag 97 


—7/7,:0°5 


Fig. 20. The rate constants of the initial reactions as functions 
of temperature. (Kréger and Marwan). 
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Fig. 21. The rate constants derived from the revised logarithmic 
equation as functions of temperature. (Kréger and Marwaa), 


which the lines belong. 

The activation energies of the reactions in the true 
solid state, ie. below 780°, are considerable (144.5kg 
calories/mole). 780° is the fusion point of the eutectic 
of Na,CO,.CaCO,, with crystalline solutions enriched in 
Na,CO, (“double carbonate eutectic”). At this tempera- 
ture the reaction constants have a sharp break point, and 
the activation energy of the next-following reactions is 
considerably lowered. The “modified Jander lines” for 
the equimolecular soda-lime mixes give, for the reactions 
between 760° and 780°, an activation energy of 78.5 
kgcalor./mole (curve A, in Fig. 21), between 790° and 
830° an energy of only 33.6 kgcalor./mole (curve A,), 
between 830° and 850° 109.0 kgcalor./mole (curve A,), 
and above 850° of 33.6 kgcalor./mole (curve A,). For 
mixes 1:1:6, between 827° and 850°, the apparent acti- 
vation energy is 55.7 kgcalor./mole (curve A,). The 
accelerating effect of excess SiO, in this composition 
is most evident by the increased k’ data. The modi- 
fied Jander lines indicate also the break point of 760° 
which corresponds to the ternary reaction equilib- 
brium Na,O0.2Ca0.3SiO0, + melt  Na,O.2Si0, + 
Na,0.3Ca0.6SiO,, but the ternary eutectic equilibrium 
Na,O.2Si0, + Na,0.3Ca0.6SiO, + SiO, (a-quartz S 
melt is apparently not decisive for the formation of the 
first melt phase. 

Very instructive are further projections of the reac- 
tion constants k’, derived from the modified Jander lines 
as functions of the ratios Na,CO,:CaCO,, and of the Si, 
content of the batches (Fig. 22). At temperatures up 
to 850° the reaction rates have a maximum for the 
Na,CO,:CaCO, ratio 1:2. The effects of changes in SiO, 
are relatively low, below 850°. However, as soon as the 
fusion temperature of Na,CO, is reached, the reaction 
rates in batches with the Na,CO, ratio 1:1 are consid- 
erably increased with increasing SiO, contents and the 
rate is largest for the 1:1:6 mix. The higher the CaCO, 
content, the more is lowered the maximum on the curves 


(Continued on page 166) 
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persistent evolution at the higher temperatures was pro- 
portional to the square root of the bake-out time. Because 
the surface gases are rapidly and completely removed at 
these temperatures, the water diffusion process is of 
primary importance with regard to the pressure rise in a 
baked-out glass envelope. The temperature dependence 
of the water diffusion rate from several glasses was deter- 
mined. From these results the amount of water that will 
be evolved from glass for any time-temperature conditions 
can be calculated, following any bake-out, in which the 
surface gases have been removed. 

It was found that water diffusion from glass per unit 
surface was proportional to the square root of the bike- 
out time. The temperature dependence of the diffu-ion 
process for eight glasses was determined and the e+ ten. 
sive equipment used in the various determinations was 
described. The value of the diffusion constant for w iter 
and the concentration gradients after bake-out ii a 
soda-lime glass were calculated from the data and Fi ck’s 
law for diffusion from a semi-infinite body. Because the 
concentration gradient depends only on the volum: of 
water removed, and the linearity of the \/t relation hip 
persists for so long, it is possible to calculate the am: unt 
of water diffusion from glass after an arbitrary bake- put. 

The paper was a most interesting one, and in addi ion 
to its helpful contribution to users of glass apparatus it 
is possible that the results will be useful in determir ing 
a better knowledge of the surface chemistry of glass. 

The first paper of the afternoon session was presenited 
by Russell G. Whittemore, Manager, Product Develop- 
ment Department, Pittsburgh Plate Glass Company, Pitts- 
burgh, Pa. In this paper, “Developments in Glass, 
Principally in the Aviation and Automobile Fields,” Mr. 
Whittemore described in a most interesting and entertain- 
ing way how his company was supplying new products 
and meeting the demands for new glass products in the 
fields of architecture, television, atomic energy, automo- 
biles, and aviation. 

Architects are constantly facing the problem of the 
incorrect application of certain materials, e.g. heat ab- 
sorbing glass is a most useful product, but there are 
applications where heat absorbing glasses may attain so 
high a temperature that radiation from the heated body 
defeats the benefits from the reduction of solar-heat trans- 
mission. However, many suitable developments are pos- 
sible, and the use of filters and shields between double 
glazed units is being considered. Heat radiation and 
the reduction of glare are highly important. 

In the field of atomic radiation, flat glass has been 
used primarily as a heavy shielding glass. Some of these 
glasses were three feet thick and of high density. 

The most recent developments in television are con- 
cerned primarily with improvements in color transmis- 
sion. The metal cone and grid with glass face-plate is 
expected to play an important role in future develop- 
ments. One company is expecting to produce 30,000 sets 
per month during the year 1956. 

Automobile windshields with compound curves require 
stretching in addition to bending. In addition, glass is 
constantly encroaching into the roofed areas of cars; for 


(Continued on page 160) 
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his book contains 42 pages\ of information 
and illusthations valuable to every soda ash user. 
send for\your copy today! 
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i you use or may use soda ash in your processes, you'll find a wealth 
le valuable information in this new book. We believe it is the most 
nd pughtening catalog-data book yet to be published on soda ash. The 

it 20 pages will give you a new concept of soda ash and how good 
en can be. Succeeding pages contain specifications, handling data, 


se [any useful charts and helpful tabular technical data. 


I am interested in knowing more about 
WESTVACO Soda Ash. Please send a copy 
of your new Soda Ash book to 


NAME 





ly curious. It is a valuable text for every present and prospective 
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PHOTO COURTESY THE METROPOLITAN MUSEUM OF ART 


AO The initial 400 years of the Christian era made up the 

first golden age of glass. Throughout the Roman Empire, 
the manufacture and use of élass became widespread: dishes, drinking 
vessels, containers, jewelry, window ¢lass. Above is bottom of Roman 
bowl, showing two apostolic men. 





4890 Michigan Alkali Company, now a division of Wyandotte 
Chemicals Corporation, was founded by Captain J. B. Ford 

to supply Soda Ash to the glass industry; part of Wyandotte’s modern 
Soda Ash facilities is shown above. Wyandotte has literally grown up 


with glass. Today, as in the past, it is a working partner, supplying 
technical assistance and raw-material chemicals to those great com- 
panies marking milestones in glass progress. 


yandotte 


nee v © PAT OFF 


CHEMICALS 


Wyandotte Chemicals Corporation, Wyandotte, Michigan 
Offices in Principal Cities 
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| alternate cycles of surface fogging and clearing, con 


| 50°C and a rapid recovery to 55° C., with humidity 


| of glass. Data on several types of glass were presented 





The CCS Glass Division Convention .. . 
(Continued from page 158) 


example, the rear windows are steadily being enla 
The larger enclosed glass areas may demand greater 
control which may employ coatings, filters, and dim 
Also, there is a definite need for thinner glass wi 
creased strength. There is quite likely to be a neg 
an entire glass canopy and coverage that will support 
siderable load. Increased strength may result from 
use of heavier laminates. : 

There is a definite need to improve the optics] 
vision in the areas of extreme bending. Heat-abse 
glasses are believed to reduce visibility at nigh: 
slight amount, but the advantages of glare re 
comfort, and reduced retinal fatigue are believed 
outweigh the disadvantages. 

In the field of aviation, glass is constantly assu: ving 
important role. The demands have been for flush :ne 
light weight, and increased strength. Partially tempeq 
thin (14 inch) glass with laminates have added to 
strength of the glass. Flux-seal construction moun: ing, 
which the plastic laminate is extended, has proved an ai 
in mounting. 

The greatest single development has been the use « 
electrical coatings to reduce fogging as well as aid j 
the de-icing of double glazed units. Improvemenis we 
made by using small wires close together and, later, eles 
trical coatings which were thin coatings of tii salts 
after which the glass was tempered in order to increas 
its strength. The development has been given the trad 
name of NESA glass: six essential tests of the electrical 
conducting glass were: 1. Cold soak; 2. Insulation 

Power constants; 4. Temperature sensing eiement 
Over-voltage; 6. Resistance bus to bus. 

The satisfactory solution of such technical problem 
has been necessary for the successful application of g 
in various uses, 

Details of the installation of a Convair windshield wer 
shown. The talk was a most practical one, revealing thé 
many possible uses of flat glass in the future. 

The last paper of the afternoon session was, “Tech 
niques Used in Measuring the Surface Durability o 
Glass,” by H. E. Simpson, Professor of Glass Technology 
New York State College of Ceramics, at Alfred Uni 
versity, Alfred, New York. 

A method of measuring surface durability of flat gla 
was described. Small glass samples were exposed ti 







































ee 


ae 





: 
de 








ss ge ee eee a 












































sisting of a temperature drop of from 55° C to abou 











maintained at approximately 100 per cent. Total tram: 
mission of the sample and the amount of scattered light 
were measured with a photoelectric cell and the relative 
amount of scattering taken as a measure of haze or sur 
face deterioration. Plotting per cent haze against & 
posure time gave characteristic curves for different typé 

























The surface durability of optical reticules was al 
studied. The various types of optical glass includ 
“crown,” “crown flint,” “borosilicate crown.” “dell 
barium crown,” “barium flint,” “light flint,” “dense fli 
and “extra dense flint” were compared. Haze curves@ 
each glass were shown, and possible reasons for the 

(Continued on page 1) 
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S O d a Lives you extras 


... at no extra-cost 


1. The size you want. Only Allied has three grades — coarse (1-C), medium (2-B) and 
fine (3-A). Choose the one that suits your operation, save special processing 
and handling. 


2. More usable material. Crystals are solid — do not crush or create fines in handling, 


Dept. NI 1-9-1 


\llied 


atclaalieel, 


keep their screen sizes. 


3. Exceptional purity — 99.5%! So pure it's used “ as is’ in the food and pharmaceutical 
industries. 


Shipped from Hopewell, Ya. in bulk and in. 100-Ib. moistureproof multiwall bana Write 
for sone waite literature, technical service with no obligation. 
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CALUMITE... 


a two-way help to 
increased profits. 


Directly and indirectly, Calumite 
is helping manufacturers of 
amber ware to 
profits. 


increase their 


From the production viewpoint, 
Calumite insures greater glass 
stability, easier melting and in- 
creased production. Added 
values are found in diminished 
superstructure attack and stone 
loss, considerably reduced vola- 
tile attack and batch carry-out 
and longer checker life and fur- 
nace efficiency, all directly aid- 
ing in improving profits. 


Indirectly, Calumite helps to in- 
crease profits by increasing the 
percentage of ware packed and 
through improved quality en- 
hancing the saleability of your 
ware. 


Help yourself to increased 
profits now! 


HAMILTON, OHIO 


All i 


Ls 


(Continued from page 150) 
a lagging temperature rise which disappeared in the yg 
filling. This was due to the pressure of oil vapor 
mist with low heat conductivity in the first cycle, 
escape when the mold opens and the remaining layer 
lubricant consists chiefly of the good conducting gr 
which permits normal temperatures to be reestab 
rapidly. The measurements show temperatures yanyj 
from 370° to 340°C. (glass temperature of 1100? 
through the wall before charging. Just before ‘he m 
opens, the inner surface rises to 460° C., but the ‘e 
ture variation extends to a depth of only 17 mm. This 
_ data for a parison mold. Striae photographs confim 
| that a thin glass layer is chilled, and the rapic cool 
and solidification of this. layer is of greatest im porta 
| for high rates of production. The outer por! on of 
mold wall is merely a heat reservoir. 

The flow of glass into the parison molds is entird 
laminar. The entering laminar flow requires « pout 
cm. before a steady flow pattern is establishe d. 
velocity distribution calculated during this peric 1 agr 
well with the shape of the parabolic surface crac :s whid 
| result when the glass sticks to points on the we | of{ 
| mold. The energy required in filling a paris n mo 
by the flow feeder process is supplied partly by gravis 
tional forces and partly by suction or pressure; this | 
ter can be estimated by means of the Hagen- Poiseil 
law. For a 560 g. bottle the additional force re: uired 
| 0.5 Kg/cm*, which agrees with practical experie.ice. 

Cord pictures were made of longitudinal strips «ut fro 
bottles made with varying degrees of mold roughnes 
varying mold temperatures and varying lubricanis, The 
experiments, numbering more than 100, showed that wil 
the mold temperature close to the sticking point «nd wi 
the mold very carefully and finely polished, the use of 
suitable lubricant was no longer of critical importam 
and might follow the fundamental principles previous 
mentioned. Faults in the condition of the mold surfa 
such as roughness, dirt, or lack of lubrication, have 
consequences a multitude of faults in the glass, such: 
hair cracks, rough surfaces, spots, lack of polish. unevd 
glass distribution, faulty profiles and cords. Machi 
productivity is also decreased by the slower heat fro 
the ware. 

A comparison was also made between the surfa 
irregularities of a blow mold and a bottle, but there 
no correlation between them. For pressed ware, howevd 
mold irregularities are reproduced on the glass surfac 














NEW UNDERWOOD PLANT IN LOUISIANA 


The Underwood Glass Company is constructing the fir 
glass container manufacturing plant in Louisiana. 1! 
| site of the new plant is at Jefferson Highway, New % 
| leans and the factory will manufacture flint glass. Pr 
| duction is scheduled to begin by the middle of Ju 
1956. The building has been designed and is beit 
| constructed by E. B. Ludwig and Associates of Ne 
| Orleans who specialize in glass bottle plants. 
Officers of the company are: E. F. Underwood, pres 
dent and general manager; J. F. Underwood, vice p 
dent; R. K. Stephens, secretary and treasurer; and B.¥ 














| Sandifer, assistant secretary and treasurer. 
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BRONSON RECEIVES NEW WESTVACO 
APPOINTMENT 









Appointment of J. G. 
Bronson as Staff Assistant 
to the President has been 
announced by Franklin 
Farley, president, West- 
vaco Chlor-Alkali divi- 
sion, Food Machinery 
and Chemical Corpora- 
tion, effective March Ist. 

Mr. Bronson, a gradu- 
ate in chemistry from 
North Carolina State Uni- 
versity in 1938, entered 






the chemical industry 
with American Cyanamid 
J. G. Bronson Company. In 1943 he 


joi: d Westvaco Chemical Corporation and became asso- 
ciai d with the market development department. Subse- 
que itly, he was appointed assistant division manager, 
ma nesia sales. In 1952, Mr. Bronson was named 
pro luct manager of chlorine and alkali sales of West- 
vac »s Chlor-Alkali Division, from which position he has 
jus been promoted. 
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CROSS APPOINTED LACLEDE-CHRISTY’S 
SALES VICE PRESIDENT 


Rex D. Cross has been 
appointed to the newly 
created position of vice 
president in charge of 
sales of the Laclede-Chris- 
ty Division, H. K. Porter 
Company, Inc., according 
to C. I. Young, the divi- 
sion’s vice president and 
general manager. 

For several years be- 
fore joining the H. K. 
Porter organization, Mr. Cross was active as an inde- 
pendent management consultant in Los Angeles. Earlier, 
he was general sales manager of the Johnston Pump 
Company, now a part of Youngstown Sheet and Tube 
Company. He attended Tulane University, prior to serv- 
ing four years in the U. S. Navy, leaving as a Lieutenant 
Commander. 
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DIAMOND ALKALI PROMOTES J. C. MC KENNA 


Promotion of J. C. McKenna, sales executive of Diamond 
Alkali Company, Cleveland, Ohio, to a new managerial 
post of greater responsibility was announced by Henry 
B. Clark, general manager of the firm’s recently formed 
Soda Products Division. 

Mr. McKenna, who has been manager of alkali sales 
for Diamond since 1948, will take over the newly-created 
position of manager of soda products sales. Under his 
direction will fall the task of marketing Diamond’s ex- 
panded output of soda ash to all industries except glass, 
which continues to remain the responsibility of D. G. 
Hood, who has been in charge of Diamond soda ash sales 
to the glass industry for the past eight years. 
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helping the 
glass industry 
produce better 
glass with 
better silica 
products... 






Fe ey 
i SANDS 


4, Headquarters for highest 
purity and greatest uni- 
formity in Silica. 


Sie C a 






S| OTTAWA 


SILICA COMPANY 
PLANTS LOCATED IN 
OTTAWA, ILL. & ROCKWOOD, MICH. 





99.89% PURE 
BY ACTUAL LABORATORY TEST 





SERVING THE FOUNDRY, GLASS AND CERAMIC INDUSTRIES FOR OVER 50 YEARS 











— WISSCO improved 
LEHR belts 


@ Heavy load capacity with less distortion...because of 
true guiding, flatness and flexibility of Wissco construction. 
@ Low thermal capacity, complete heat circulation and 
minimum surface contact of ware... because of open mesh. 
@ High resistance to heat and corrosion... because of 
wide choice of aluminized and low-chrome alloys. 

THE COLORADO FUEL AND IRON CORPORATION—Denver and Oakland 
WICKWIRE SPENCER STEEL DIVISION—Atlante + Boston + Buffalo + Chicago + Detroit 

New Orleans * New York + Philadelphia 


WISSCO BELTS 

















PROLONG THE LIFE OF YOUR TANK 


Your BatcH Witt MELT AT A 
Mucu Lower TEMPERATURE WHEN USING 





Quality Cullet 





THE BASSICHIS COMPANY 
2321 W. 3rd St. Cleveland 13, Ohio 
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SHADOGRAPH 





... the scale for every 
precision weighing job 


SHADOGRAPH’S shado-edge indication is pro- 
jected by a beam of light, eliminating all friction 
of indicating mechanism and increasing visible ac- 
curacy over 300%. Short lever fall plus the action 
of an hydraulic damper stops indicator quickly for 
a faster, more accurate reading. Light beam indica- 
tion can be read from any angle without danger 
of parralax. 


SHADOGRAPH Seales are ideal for precise 
compounding, for weighing costly materials, 
and many other uses calling for extreme ac- 
curacy. Model 4106-B shown above, has rated ca- 
pacity of 6 lbs., sensitivity as fine as 1/80 ounce or 
350 milligrams. Other models with still finer sensi- 
tivity and complete range of capacities available. 


Sales and Service Coast to Coast 


lxack Weight 


Better quality control 


Better cost control so a l a g 


THE EXACT WEIGHT SCALE COMPANY 





952 W. Fifth Avenue, Columbus 8, Ohio 


In Canada: P. O. Box 179, Station S, Toronto 18, Ont. 
Please send complete information on Shadograph Scales. 


The CCS Glass Division Convention . . . 
(Continued from page 160) 
| ferences in surface durability were discussed. The haze. 
| test results were compared with other durability tests, 
A replica technique was developed for reproducing the 
corroded surface of glass containers. Before this develop 
| ment a wide variety of techniques had been studied which 
involved the use of various sheet plastics, such as ethy| 
| cellulose and various solvents. Most of the methods tried 
| were of little value for curved surfaces because of the 
| difficulties in pressing the plastic sheet uniformly upon 
| the irregular contour of the bottle glass sample. A Jiquid 
| plastic composed of Vinylite dissolved in methyl isobutyl 
| ketone or acetone gave encouraging results when :t was 
properly applied and dried. The previously weathered 
| samples of bottle glasses were dipped in the plastic 
solution; after careful drying under controlled -ondi- 
tions, the plastic film was stripped from the surface to 
give an accurate reproduction of the corroded glass sur- 
face. The degree of surface deterioration, as shown by 
the replica, was then determined with a photoelectric haze 
meter. Some typical results taken from a study of various 
container glasses indicated that, as a rule, the inside of 
the container deteriorated more rapidly than the outside. 
The pattern of corrosion on the outside of the con‘ainer 
was quite irregular and was distinguished by long flow. 
ing lines, such as feeder marks, cutter marks, and mold 
marks. The inside of the container showed considerably 
_ fewer irregularities. Differences were found in the per 
| cent haze vs. time curves for container glasses of varying 
composition. It was shown that these differences were 
generally associated with changes in the alumina and 
| magnesia content of the glass. 
| The meeting was closed with a delightful banquet at 
_ which Mr. George Powell of Ste. Adele was the principal 
speaker and he told many amusing stories of life in the 
north country. President, J. K. Hossack presided. Mr. 
| William C. McGolpin, Natco Clay Products Company, 
| Toronto, Ontario, was presented with an honory life 
| membership in the Society in recognition of his services 
| to the ceramic industry. 
New officers of the Society were announced as follows: 
President: Walter McKnight, A. P. Green Firebrick, 
Weston; Vice President: Harold Deeth, American Nephe- 
| | line Ltd., Lakefield. Secretary: Howells Frechette, Ottawa. 
| | General Secretary: L. C. Keith, Toronto. 
| Glass Division: Chairman: Syd Bateson, Duplicate, 
| Oshawa. Secretary: Jean Peeters, Canadian Pittsburgh, 
| Industries, Montreal. 
| Directors: Don Clarke, Canadian Pittsburgh Industries, 
Montreal. George Boyd, Pittsburgh Glass, Dearborn; 
Harold Sephton, Dominion Glass, Hamilton; W. F. 
Hughes, Consumers Glass, Etobicoke. 
The next annual meeting is planned for Niagara Falls, 











| Ontario, in February, 1957. 





|G. H. CHAMBERS AND L. G. BLISS PROMOTED 


: | Gordon H. Chambers was named chairman of the board 
: | of Foote Mineral Company, Philadelphia, Pennsylvania, 


and L. G. Bliss was elected president at a regular board 
meeting, January 26, 1956. 

Mr. Chambers will continue as an active senior officer 

of the company. Mr. Bliss has served as a board member 

. since 1942 and was elected vice president-sales in 1952. 


THE GLASS INDUSTRY 


























TED 
poard 
rania, 
poard 






fhicer 
mber 
| 952. 








PRY 











MARCH, 











__(~ercow\ SL - 





sy) 

















BLUE 
—_( GREEN 








WE FILE 


TO MAINTAIN HIGH 


Preserved in our “rainbow room” are standard lots 
of all the eolors we have manufactured. These thou- 
sands of samples, with complete formula and cus- 
tomer records, provide the basis for all the laboratory 
checks essential to maintain color shades from one 
production to another. 


Users of Drakenfeld Colors know the economic value 
of high standards that prescribe strict control of 
color formulation and manufacture on initial and all 
subsequent orders. In color research as in color pro- 
duction, our broad experience and modern facilities 
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«Drak enteld 


BRAUN CORPORATION, 1363 So. Bonnie Beach Place 
LOS ANGELES 54, California—Phone: ANgelus 9-931! 




















COLOR 


STANDARDS 


help them reduce costs and maintain product quality. 
If you haven’t experienced the satisfaction of Draken- 
feld cooperation, we welcome the opportunity to 
demonstrate our ability to be of money-saving service 
to you. Your inquiry will receive prompt attention. 


DEPENDABLE SERVICE ON: Acid, Alkali and Sulphide Re- 
sistant Glass Colors and Enamels... Silver Paste... 
Crystal Ices ... Squeegee and Printing Oils... Spraying 
and Banding Mediums... Glassmakers’ Chemicals... 
Glass Decolorizers . . . Glass Frosting Compounds . 
Decorating Supplies. 


B. F. DRAKENFELD & CO., INC. 
Executive Offices: 45 Park Place, New York 7, N. Y. 
Factory and Laboratories: Washington, Pa. 


Pacific Coast Agents: 
BRAUN-KNECHT-HEIMANN COMPANY, 1400 Sixteenth St. 
Phone: HEmlock |-8800 


SAN FRANCISCO 19, California 








R PARTNER IN SOLVING COLOR PROBLEMS 





Solid State Reactions .. . 
(Continued from page 156) 


in Fig 22 and shifted to lower SiO, contents. The mixes 
1:1:2; 1:2:3; 1:2.7:9.3 have about the same reaction 
rates at 853° (see Fig. 21). 

In his most recent publication”, Kréger has also ex- 
amined the reactions of preformed Na,Si,O, (as crystal- 
line phase and as a glass) with limestone, further of 
Na,Si,O, with quartz and CaCO, and _ presintered 
products of the compositions (Na,Si,0, + SiO,) and 
(Na,Si,O, + 4Si0,). It is somewhat surprising to see 
that the glassy Na,Si,O,, in its final effects, is less active 
than the crystalline phase. The x-ray examination of the 
products with CaCO, showed in those of the glassy 
Na,Si,O, only the ternary silicate 2Na,0.Ca0.3Si0., 
while in those of the crystalline disilicate this silicate is 


associated with Na,0.2Ca0.3Si0,. Evidently, the 


“anomalous solid solution” xNa,O.yCaO.x(SiO,)., i.e. 
the “hermaphroditic”, highly disordered, intermediate 
product is different in its reactivity in both cases. The 





most rapid conversion was observed if the sintered prod. 
uct of the composition Na,Si,O, + 4SiO, was used, 
Concerning the amounts of’ liquid phase formed in the 
disilicate, and the more siliceous sinter products reacting 
with calcium carbonate, Kréger comes to the important 
conclusion that in these more liquid is active than in 
soda-limestone-quartz mixes, e.g., of the molecular type 
1:1:2. The reaction types in both groups of experi- 
ments are evidently different: the network structure of 
quartz is changed to [Si,O,] groups in the ternary 
NaCa-silicates in mixes of the soda-CaC0,-quartz type by 
diffusion of Na+ and Ca** cations, while in the disilicate 
mixes the structure is already reduced to a simple type, 
and only the Ca?* ions must enter by diffusion. This 
fact is well illustrated by the particularly low activat:on 

energies for the reactions 
(Na,Si,O,, glass) 4+- 2[CaCO,] (29.0 kgcalor./mole) «nd 
(Na,Si,O,,, sinter) + [CaCO,] (35.3 kgcalor./mo.:), 
The practical importance of Kréger’s investigation. is 
particularly evident in a discussion of one or the otver 
(Continued on page 1‘ 1) 
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Fig. 22. The reaction rate constants as functions of the ratio CaCO;:Na:CO; (left), and of the SiO. contents in the batch 
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This glass plant is working even though you see no smoke 


More glass plants 
switch to silicones 





HE SUCCESS OF SILICONES in im- 

preving glassware manufacturing 
proces es, providing better end prod- 
cts, ind eliminating smoke, is 
orkiig out for more and more 
manu; icturers. 

The glass industry itself, in co- 
pera! ion with the Silicones Division 
of Uni on Carbide and Carbon Corpo- 
ation is bringing the applications of 
ilicor.es to a practical reality under 
rodu-tion conditions. 

It has been clearly established, for 
xamj le, that UNION CARBIDE LE-45 
kpray lubricant used instead of petro- 
lum oil spray, can stép up produc- 
ion as much as 4 per cent while 
owering spray lubricant costs. At the 
ame time, cleaner, shinier wear is 

roduced. 

Long-range advantages appear of 
qual importance. With the develop- 
ment of successful mechanical appli- 
ation methods for silicones, catwalks, 
beams, sheathing, and machines that 
wed to be coated with oil and soot, 
‘ill no longer be an invitation to 
lash fires. The use of silicones to lu- 
bricate delivery equipment —shear 
blades, scoops, chutes—and blank 
molds, can drastically reduce these 
foot problems. 

Another advantage of the conver- 
ion to silicones is the prospect of 
teduction of the industry’s high fire 
insurance rates. 

In the accompanying advertise- 
lent you see the type of message that 
NON CARBIDE has been running in 
htional magazines like BUSINESS 
EEK, SCIENTIFIC AMERICAN, CHEM- 
Can WEEK, and CHEMICAL AND 
ENGINEERING NEws. 


ARCH, 1956 


LOOK HOW 





Union CarBiveE silicones 
brighten the glass picture 


— 


A 


LOOK AT the reasons why 





Leading glass makers are welcoming a type of UNION CARBIDE 
Silicone that helps them produce bottles sparkling clean —with 
fewer rejects. It is simply sprayed on molds, shear blades, and 
chutes. Its cleanliness improves the product. With no soot and 
smoke, working conditions are better. 

But helping glass serve the tremendous business of bottling 
America’s medicines, beverages, cosmetics, foods, is only one of 
the achievements of UNION CARBIDE Silicones. Many other indus- 
tries are taking advantage of the “slipperiness,” the strong resis- 
tance to heat and cold, the water repellency, and other useful 
qualities of this versatile family of chemicals. 

The SILicongs and other Divisions of UNION CARBIDE serve 
customers in many fields. Their combined experience particularly 
qualifies us to supply and help you use silicones to improve your 
products or processes, and reduce their costs. Write Dept. GL-3. 


LOOK TO 





Union Carsipe for silicones 





SILICONES DIVISION 























Union CarBipE 
AND CARBON CORPORATION 
30 EAST 42ND STREET uCC| NEW YORK 17, N. Y. 
In Canada: Linde Air Products Company, Division of Union Carbide Canada Limited 
The term “UNION CARBIDE” is a trade-mark of Union Carbide and Carbon Corporation 








MACHINES 


PRODUCE BETTER GLASS 
PRODUCTS 








ise) 


LINDSAY 


FIRST IN RARE EARTH * A GRAM OR A CARLOAD 


YOU CAN DEPEND ON PROMPT DELIVERIES 
FROM THE WORLD'S LARGEST PRODUCER 


TO COLOR AND DECOLORIZE GLASS 
Cerium, Didymium (cerium-free) Salts, 
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FOX AND SCHWERTFEGER AMONG 
PROMOTIONS AT L.O.F. 


Nine promotions in the production organization of Li} 
bey-Owens-Ford Glass Company were announced }y 
Curtis W. Davis, executive vice president. 

F. Edward Schwertfeger, now assistant to Mr. Davis 
associated with operations at Rossford for 15 years befor 
his transfer to the executive offices, has been named ma. 
ager of twin ground plate products manufacture. Hix 
over-all responsibilities will also include miscellaneoys 
products made from special glasses at Rossford. M, 
Schwertfeger will continue his present responsibilities fo; 
scheduling and planning, as well as continuing as « mem. 
ber of the production policy committee. 

Other promoticns jp. 
cluded changes «tthe 
Rossford plant w th the 
promotion of Fr derick 
C. Fox, for the la~t nine 
years a division-m. nager. 
—processing, to _ plan 
manager, succeedi.g the 
late Edwin C. |} owers, 
who drowned whil: rescu- 
ing his daughter in the 
Maumee river, las: Janu. 
ary Ist. Mr. Fox his been 
associated with the Ross 
ford L.O.F. organization for 21 years. William }. Bam 
ford, of Maumee, and now superintendent of eneral 
specialties has been appointed assistant plant manager. 
He joined L.O.F. in 1933 after graduation from Cornel 
University. John C. Woodward, plant engineer wa 
appointed plant manager; Gerald White, manager of the 
general specialties division, will head the newly formed 
plant development section, reporting directly to the plant 
manager. Charles A. Hess, who has been general super 
intendent of grinding and polishing has been promoted to 
assistant to the plant manager—polishing development; 
J. Glenn Morgan, formerly production scheduling super: 
visor has been promoted to plant production manager; 
Curtis W. Davis, Jr., glass technologist, and technical 
assistant in melting, has been named generai superinten- 
dent of twin grinding and polishing and Delmar Carney, 
superintendent of melting, was promoted to general st: 
perintendent of glass making. 


F. C. Fox 


R. H. MULFORD ELECTED PRESIDENT 
KIMBLE GLASS 


R. H. Mulford has been elected president of Kimble 
Glass Company, subsidiary of Owens-Illinois, according 
to an announcement by O-I president Carl R. Megowen. 

Mr. Mulford, who joined O-I in 1933, has been 3 
vice president of the company since 1949, and general 
manager of Kimble since 1953. 

Stuart A. Kenworthy, vice president of Kimble, has 
been appointed general manager of the Blown and Tub: 
lar Products Division, a newly created division. 


@ Martin G. Levens has been appointed as Philadelphia 
district sales manager for the Columbia-Southern Chen- 
ical Corporation, according to an announcement by Chris 
F. Bingham, vice president in charge of sales. 
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Solid State Reactions... . 
(Continued from page 166) 


industrial attempts for “accelerated” glass batch melting. 
The first fact is the rather unexpected impeding effect 
of too high pressures in pelleting (briquetting) the batch 
mixes *. The explanation is convincingly given by the 
reduction of the diffusion of the evolved CO, in the com- 
pact during sintering. There are many other proposals 
made for accelerating the glass formation in the batch 
mixes by special methods which deserve a detailed exami- 
nation. Of the experiments of Badger and Farber on 
melting mixes of pellets of contrasting composition to 
the desired final glass composition, we have spoken 
above. Also P. Baldermann* recommended the idea of 
ha ing the manufacturing of glass modified by using a 
pr'melted water-glass and finishing the glass in a second 
steo of furnace processing. Very attractive are proposals 
us ng the effects of reduced CO, partial pressures in the 
ga eous surroundings of the batch. Kréger’s experiments 
sh »w convincingly how efficient must be such a pressure 
re !uction for the output of silicate formation from the 
m x, according to the equation k = B — a log p(CO,). 
It is, of course, also not irrelevant to know the gran- 
ul metric composition of the batch ingredients. Kroger 
al vays worked under standard conditions of grain sizes 
of quartz sand as it is commonly used in glass manu- 
facturing (0.15 to 0.25mm fraction), and also the lime- 
st:ne and soda was in equal grain classes, with a con- 
stint carbonate amount of 0.06 moles. Industrially it is 
in.portant to consider also variations of the conditions by 
introducing the batch into the furnace, either as a heap, 
or deliberately spread out to a thin layer with a rela- 
tively large surface open to the heat radiation from the 
burners and the roof of the furnace**. One may also, 
according to other proposals, preheat the batch in a 
separate unit, e.g., in a calcination chamber, or on a 
calcination belt, either according to the Dwight-Lloyd 
process of metallurgy”, or to the Lepol furnace in Port- 
land cement production”, in order to shorten the batch 
fusion process. Even the possibility of using a rotary 
kiln for calcination and fusion has been proposed by sev- 
eral authors”. The action of mineralizing agents, eg., 
of water steam and (NH,).SO,, titanosilicates, etc., as 
accelerating additions, has been repeatedly recom- 
mended”. Particularly interesting are attempts to separate 
the primary formation of glass-forming silicates, and the 
final dissolution of the quartz sand in excess. In this 
connection we find in the literature the so-called erosion 
process of Howard”, and suggestions given by J. 
Loffler®® and E. P. Danil’chenko*!. We must restrict 
our present report to a mere enumeration of proposals 
which should be carefully re-examined under the view- 
points of reaction rate data given in such a rich method 
of basic research by C. Kroger. It would be most wel- 
come if critical contributions from industrial experience 
in these interesting fields would be made very soon, be- 
cause also fundamental possibilities might be found to 
improve the thermal efficiency of the glass furnace which 
still is an enormously wasteful industrial heating machine 
with a deplorably small real energy output®. 
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PITTSBURGH PLATE PROMOTES OFFICIALS 
Pittsburgh Plate Glass Company has announced the 
appointment of Maurice E. Carlisle to manager of con- 
struction and purchasing, and Alfred D. Nutter, Jr. to 
director of purchases. 

These positions are newly-created in the glass division. 
Mr. Carlisle formerly served as general purchasing agent 
and Mr. Nutter as purchasing agent for the glass division. 


AGA ELECTIONS 
The board of governors of the American Glassware Asso 
ciation untadimously reelected J. Nelson McNash, dis 
man of the board, at the first meeting of the year, last 
February 2nd. Mr. NeNash, vice president of the Hazel- 
Atlas Glass Company, in charge of the company’s Table- 
ware Division, will serve as chairman for 1956-1957. 


@ John J. Smith was named personnel director at the 
Owens-Illinois Technical Center in Toledo, Ohio. Mr. 
Smith has been with the company since 1951 and was 
the safety director at the company’s glass container plant 
at Bridgeton, New Jersey. 
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